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W O L L O N G O N G  U N I V E R S I T Y  C O L L E G E  - FRIDAY 21ST MAY 1971
INTRODUCTION
This seminar might be regarded as the coming of age of 
Operations Research in Australia. Not only was it the first 
National Conference of this type held in Australia in that its 
success depended on active participation and collaboration at all 
the various state wjd** O.R. groups, but also this meeting was the 
occasion of a unanimous agreement amongst these groups that an 
attempt be made to form a cohesive National Society. In fait we 
can now proudly announce that such a society came into existence 
in January, 1972. It is known as the Australian Society for 
Operations Research Incorporated, and we are happy to report 
that the total foundation membership is 784 . (Sydney 217,
Victoria 151, South Australia 115, Hunter Valley 111, A.C.T. 88, 
Wollongong 74, Western Australia 25) We are all particularly 
indebted to Mr. R.W. Rutledge, Chairman of the now defunct 
Australian Joint Council for Operations Research, a n d  a l > o  t.>
Mr. B. Kennedy (C.S.I.R.O. Division of Building Research) and 
Mr. G. O'Meally (Australian Cas Light Co.) for their leadership, 
patience, insight and hard work in at long last bringing us all 
together and hopefully stripping us of our parochialisms.
Another event indirectly associated with this conference 
was the initiation of the first professional post graduate course 
specialising in O.R. in Australia, this course leads to the M.Sc.(O.R 
degree and was presented for the first time at Wollongong University 
College in 1971. The course was designed in consultation with the 
Systems Engineering Group at Australian Iron and Steel to train 
specialists in the mathematical and computer techniques of O.R.
The conference consisted of a formal presentation during 
the day and an evening session and dinner during the evening. We 
were most fortunate to have as Chairmen:- Mr. W.B. Burgess, General 
Manager, Australian Iron and Steel Pty. Ltd., Port Kembla.
Mr. R.J. Pearson, General Manager, Metal Manufactures Limited,
Port Kembla. Mr. S.W.H. Fairbairn, General Manager, John Lysaght 
(Australia) Ltd., Port Kembla. Consequently we had representation 
from the big three industrial giants of Wollongong. Over 150 
registered for the conference and most of these came from outside 
the district.
The papers vary a great deal both in areaa of application 
and depth. It must be pointed out that the speakers were asked to 
avoid an emphasis on mathematical techniques except in one case 
where it was considered that an elementary introduction to linear 
programming was appropriate because of the large number of non 
technical managers in attendance. The papers also indicate a wide 
range of attitude towards the computer, some ignoring it completely 
and others showing that it is a necessary adjunct to the practices 
of O.R. Most of these papers demonstrated a considerable cost 
effective benefit in the areas in which they were applied.
K.P. Tognetti.
Department of Mathematics.
A BU SIN ESS M O D E L  F O R  M A N A G ERS
S. E .  B la n c h ,  N .  J .  H e n d e r s o n  & K. W. L a ing  
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3.
IN T R O D U C T O R Y  SU M M A RY
T h i s  p a p e r  d e s c r i b e s  how a b u s i n e s s  m o d e l  i s  c r e a t e d  and  
u s e d .  In p a r t i c u l a r  i t  f o c u s e s  a t t e n t io n  on a m o d e l  w h ich  h a s  b e e n  
deve loped  to r e p r e s e n t  a ty p ic a l  b u s i n e s s  c o m p r i s i n g  p r o d u c t io n ,  s t o r a g e ,  
d i s t r i b u t i o n  and  d e m a n d  in a c o m p e t i t i v e  e n v i r o n m e n t .
It d e s c r i b e s  th e  s i t u a t i o n  of the  b r i q u e t t e  i n d u s t r y  in V ic to r i a .  
T h e  p a p e r  i s  p r e s e n t e d  not on ly  to i l l u s t r a t e  one  s u c c e s s f u l  and  v a lu a b le  
a p p l i ca t io n ,  but a l s o  to in d i c a t e  t h e  p o w e r fu l  n a t u r e  of m a t h e m a t i c a l  
m o d e l s  and th e  way in which  a l l  b u s i n e s s e s  can  be  so  r e p r e s e n t e d .  T he  
e x a m p le  u s e d  in th i s  p a p e r  to  h igh l igh t  th e  v a r i o u s  a s p e c t s  of  m o d e l  
bu i ld ing  f i ts  in to an  e m e r g i n g  p a t t e r n  of q u a n t i t a t i v e  s t u d i e s  which  a r e  
c o n t r ib u t i n g  t o w a r d  th e  p r e p a r a t i o n  of  i n v e s t m e n t  d e c i s i o n s  by th e  S ta te  
E l e c t r i c i t y  C o m m i s s i o n  of  V i c t o r i a .
T h e  p a p e r  i s  p r e s e n t e d  in th e  fo l lowing  way:
S ec t ion  1 d e s c r i b e s  the  d e p e n d e n c e  of  th e  e c o n o m ic  and  b u s i n e s s  
a c t i v i t i e s  of  th e  i n d u s t r y  upon th e  p h y s i c a l ,  t e c h n i c a l  a nd  s o c ia l  
f a c t o r s .
S ec t ion  2 p r e s e n t s  a f a m i ly  of m o d e l s  and o u t l in e s  th e  r e a s o n  for  
s e l e c t i n g  a p a r t i c u l a r  f o r m  of  m o d e l  to r e p r e s e n t  th e  b u s i n e s s .
Sec t ion  3 s u m m a r i s e s ’th e  r a t i o n a l e  b e h in d  th e  m o d e l ,  then a 
d e ta i l e d  a c c o u n t  of the  m o d e l  i t s e l f  i s  g iv en  in S ec t ion  4.
S ec t ion  5 b r i n g s  t o g e t h e r  a l l  the  c o m p o n e n t s  of  t h e  m o d e l  into a 
c o h e r e n t  whole  u n d e r  th e  a p p r o p r i a t e  t i t l e  of  t h e  l o g i s t i c  s y s t e m .
S ec t ion  6 d e t a i l s  the  m a j o r  b e n e f i t s  a nd  th e  e f f e c t i v e n e s s  of  the  
m o d e l  and d i s c u s s e s  i t s  r o l e  a s  a m a n a g e m e n t  too l  in d e c i s io n  
m a k in g .
1. T H E  BU SIN ESS
A p a r t  f r o m  i t s  p r i m a r y  o b j e c t i v e  to g e n e r a t e  and  supp ly  
e le c t r i c i ty ,  th e  Sta te  E l e c t r i c i t y  C o m m i s s i o n  of  V i c t o r i a  w a s  a l so  
le g i s l a t e d  to p ro d u c e ,  d i s t r i b u t e  and  s e l l  b r i q u e t t e s -  to  the  p r i m a r y  fuel 
and raw  m a t e r i a l  m a r k e t s .  W hi l s t  i n i t i a l ly  s e r v i n g  a p u r p o s e  of d e c r e a s in g  
the S t a t e ' s  d e p e n d e n c e  upon the  th en  s p o r a d i c  a v a i l a b i l i t y  of  fuel im p o r t s ,  
the b r iq u e t t e  i n d u s t r y  to day  p r o v i d e s  an  i n d u s t r i a l  c a r b o n  of unique 
p r o p e r t i e s ,  a c hea p  f o r m  of fuel fo r  v a r i o u s  m a r k e t s  and  c o n t r i b u t e s  to a 
highly c o m p e t i t i v e  p r i m a r y  e n e r g y  s i tu a t i o n  fo r  t h e  S ta te .  T h e  fuel u s e d  
in the V ic to r i a n  d o m e s t i c  and  i n d u s t r i a l  m a r k e t s  fo r  th e  p e r i o d  1963/64  
to 1968/69  i s  l i s t e d  in T a b l e s  1 and  2 r e s p e c t i v e l y .
T h e  s h a r e  of  th e  e n e r g y  m a r k e t  s u p p l i e d  by b r i q u e t t e s  g ives  
s o m e  in d ic a t io n  of  i t s  p o t e n t i a l  to a f fec t  r e l a t i v e  fue l p r i c e s  th ro u g h o u t  
the S ta te .
T h e  p r i c e  of  a p a r t i c u l a r  fuel i s  an  i m p o r t a n t  d e t e r m i n a n t  
Which g o v e r n s  i t s  m a r k e t  s h a r e  and  r e v e n u e  f r o m  s a l e s .  V o lu m e  of s a l e s  
in t u r n  d e t e r m i n e s  the  c o s t  of  p r o d u c t i o n  and  th u s  ne t  e a r n i n g s .  In th i s  
s i t u a t i o n  i t  i s  c l e a r  th a t  th e  l o w e s t  p r i c e d  fuel w i l l  c o m m a n d  what i s  known 
a s  th e  p u r e  " e c o n o m i c "  b u y e r s .  T h e  h i g h e r  p r i c e d  fue ls  r e l y  on th e  m o r e  
in ta n g ib le  b e n e f i t s  of  t h e i r  p r o d u c t  to o f f se t  the  p r i c e  d i f f e r e n t i a l  and so 
th e y  a t t r a c t  t h o s e  b u y e r s  m o r e  p r e d i s p o s e d  to a t t r i b u t e s  o t h e r  th an  p r i c e .  
T h e  h i g h e r  th e  l e v e l  of  r e l a t i v e  p r i c e s  th en  p r i m a  f a c i e  th e  l a r g e r  the 
n u m b e r  of p u r e  e c o n o m ic  b u y e r s .
In t h i s  way b r i q u e t t e s  r e t a i n  s o m e  m e a s u r e  of in f lu en ce  on the 
p r i c e  l e v e l s  in  th e  fuel m a r k e t  which i s  u l t i m a t e l y  to th e  b e n e f i t  of the 
c o n s u m e r  body a s  a whole .  H o w e v e r ,  th i s  i n f lu e n c e  i s  e n t i r e l y  dependent  
upon r e t a i n i n g  th e  p o s i t i o n  of  th e  l o w e s t  p r i c e d  fue l in the  S ta te .  C os t  
e s c a l a t i o n  t e n d s  to  e r o d e  the  e a r n i n g  b a s e ,  t h u s  p l a c in g  m a n a g e m e n t  u n d e r  
c o n t inua l  p r e s s u r e  to m a i n t a in  a r a t e  of r e t u r n  on  i n v e s t m e n t  in th e  f ac e  of 
i n t e n s e  c o m p e t i t i o n .
* T h e  M o rw e l l  f a c t o r i e s  p r o d u c e  b r o w n  coa l  b r i q u e t t e s  a t  th e  r a t e  of o v e r  
t w o - a n d - a - h a l f  to n s  a m in u te ,  n ight  and  day, s e v e n  da y s  a w eek .  On 
a v e r a g e ,  p r o d u c t io n  i s  abou t  t w o - t h i r d s  th e  i n d u s t r i a l  type  of  b r i q u e t t e  
(L) and abou t  o n e - t h i r d  d o m e s t i c  (H).
To  m a i n t a i n  th i s  output ,  the  f a c t o r i e s  p r o c e s s  a n n u a l ly  m o r e  th a n  t h r e e  
m i l l i o n  to n s  of  r a w  b r o w n  c o a l  in a c o n t in u o u s  flow f r o m  m o i s t  c o a l  in 
i t s  c r u d e  s t a t e  to  th e  f in i sh e d  b r i q u e t t e s .
T h e  r a w  b r o w n  c o a l  u sed  fo r  th e  m a n u f a c t u r e  o f  b r i q u e t t e s  h a s  a p p r o x ­
im a te l y  a t w o - t h i r d s  m o i s t u r e  c o n te n t .  U n t r e a t e d ,  i t  b r e a k s  up e a s i ly  
d u r in g  hand l ing ,  w e a t h e r s  quick ly ,  and  fo r  e f f e c t iv e  u s e  r e q u i r e s  to be 
b u r n e d  in s p e c i a l  f u r n a c e s .
T h e  p u r p o s e  of  b r i q u e t t i n g  is to  c o n v e r t  l o w - g r a d e  r a w  b ro w n  c o a l  into 
a h i g h - q u a l i t y  fue l  th a t  p o s s e s s e s  u n i f o r m  c h a r a c t e r i s t i c s  and c a n  be 
e c o n o m i c a l l y  t r a n s p o r t e d  fo r  u s e  e l s e w h e r e .  T h e  m o i s t u r e  con ten t  
i s  r e d u c e d  to a p p r o x i m a t e l y  15 p e r  c e n t . ,  t h u s  m o r e  th an  t r e b l i n g  the 
he a t in g  va lu e  p e r  pound o f  fue l .  At the  s a m e  t i m e ,  th e  c o a l  i s  c o n ­
v e r t e d  into h a r d ,  d u r a b l e  b lo c k s  of  c o m p r e s s e d  fue l t h a t  can  be  e a s i ly  
s t o r e d  and  h a n d le d .
5.
F U E L  USED IN T H E  DOM ESTIC M ARKET *
T h e r m s  x 10
Y e a r B r i q u ­e t t e s Coke Wood
El ea t ing  
Oil  & 
K e ro .
G as E l e c ­t r i c i t y O th e r T o ta l E
1o S h a re  
for  
r i q u e t t e s
1963/64 103. 3 4 .6 87. 7 29. 5 7 1 . 0 92. 7 6 . 9 395. 7 26. 1
1964/65 115. 4 3. 0 82. 5 36. 8 72. 5 10 1 . 6 11.2 423. 0 27. 3
1965/66 106. 5 2.0 82. 8 46. 2 7 1 .0 102. 5 11 .3 422. 3 25. 2
1966/67 108. 5 1.8 6 6 . 1 57. 1 76. 4 1 1 0 . 2 12. 5 432. 6 25. 1
1967/68 107. 9 1.6 54. 6 6 6 . 0 78. 4 .115. 4 19. 5 443. 4 24. 3
1968/69 113. 7 1 .5 56. 8 89. 4 87. 1 128. 7 32. 2 509. 4 22. 3
T A B L E 2 . F U E L  USED IN T H E  INDUSTRIAL MAR K E T  *
(E X C L U P IN G  E L  EC TR IC IT Y .  ~ F E E D 3T O C K S ~AND 
F U E h  USED F OR FJ L EC T RICIT Y GEN ER A TIO N )
g
T h e r m s  x 10
Y e a r B la c kCoal
B ro w n
C oal
B r i q u ­
e t t e s Coke Wood
F u e l
Oil G a s T o ta l
% S h a re  
for  
b r ique t te s
1963/64 7 5 .  8 90. 5 82. 4 17. 5 31. 0 289. 8 20. 3 607. 13. 6
1964/65 . 6 8 . 8 95. 1 95. 3 16. 5 25. 6 3 3 2 .6  . 23. 8 657. 8 14. 5
196 5/66 67. 1 90. 3 90. 2 14. 3 25. 3 330. 0 21.2 641. 4 14. 1
1966/67 6 1 .6 95. 9 91. 3 13 .7 2 2 . 8 369. 9 2 1 . 9 677. 1 13. 5
1967/68 56. 9 90. 8 8 6 . 1 13. 1 17. 1 414. 8 23. 5 702. 4 12. 3
* Deputy C o m m o n w e a l th  S t a t i s t i c i a n ,  V i c t o r i a  - F a c t o r y  S t a t i s t i c s
" - V i c t o r i a n  P r o d u c t i o n
S t a t i s t i c s  B u l l e t in  
E l e c t r i c i t y  Supply A s s o c i a t i o n  of  A u s t r a l i a  A nnu a l  S t a t i s t i c s  
Jo in t  Coal  B o a r d  A nnual  R e p o r t s  
P e t r o l e u m  I n f o r m a t io n  B u r e a u ,  Oil  and  A u s t r a l i a  
Gas  & F u e l  C o r p o r a t i o n  Annual  R e p o r t s  
V ic to r i a n  F o r e s t s  C o m m i s s i o n  A nnual  R e p o r t s
Upon a p p r a i s i n g  th e  v a r i o u s  a s p e c t s  of  th e  i n d u s t r y  i t  b e c a m e  
obv ious  th a t  i t s  c o m p l e x i t i e s  m a d e  the  a d e q u a te  u n d e r s t a n d in g  of the  
b u s i n e s s  e x t r e m e l y  d i f f icu l t .  D e sp i te  th i s  c o m p le x i ty  d e c i s i o n s  had  to be  
m a d e  c o n c e r n i n g  what  r o l e  the  b r i q u e t t e  i n d u s t r y  w a s  to p l ay  in  fu tu re  
y e a r s  and  th e  d e p lo y m e n t  of r e s o u r c e s  o v e r  t h o s e  y e a r s  which  would  
m a x i m i s e  e a r n i n g s .  T h i s  w as  p r e c i s e l y  a s i t u a t i o n  w h e r e  the  m a t h e m a t i c a l  
m o d e l  cou ld  c o n t r i b u t e  un ique ly  in a s s i s t i n g  m a n a g e m e n t  in s ig h t  and 
a p p r e c i a t i o n  to an  o t h e r w i s e  i n t r a c t a b l e  s i tu a t i o n .
H o w e v e r ,  b e f o re  ou t l in ing  t h o s e  a s p e c t s  l e a d in g  up to the  
d e v e lo p m e n t  of  th e  m o d e l  it m a y  be use fu l  to h a v e  a g e n e r a l  p i c t u r e  of the 
b r iq u e t t e  in d u s t r y .  F i g u r e  1 be low i s  a d i a g r a m m a t i c  r e p r e s e n t a t i o n .
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Figure 1. D iag ra m m atic  A rrangem en t o f the Briquette Industry
T h e  f ig u r e  i s  d iv ided  in to  th e  c l a s s i c a l  a r e a s  of r a w  m a t e r i a l  
a c q u i s i t io n ,  p r o d u c t i o n ,  s t o r a g e ,  d i s t r i b u t i o n  a n d  d e m a n d .  In th e  
ti v e lo p m e n t  of any  and  a l l  m o d e l s  i t  i s  th e  a c c u r a t e  r e p l i c a t i o n  of  the  
e l e m e n t a l  b u i ld ing  b lo ck s  w h ich  p r o v i d e s  the  foundat ion  upon which  validity 
of  th e  to ta l  m ode l ,  r e s t s .  T h e  func t io na l  a r e a s  l i s t e d  .above w e r e  se lec ted  
f o r  t h i s  s tu d y  a s  a p p r o p r i a t e . e l e m e n t s .
T h e  d e c i s i o n s  w h ich  f a c e d  m a n a g e m e n t  (and l e d  to the  develop­
m e n t  of  th e  m o d e l )  in vo lv ed  r i s k ,  u n c e r t a i n t y  and  v a r i a b i l i t y .  In the  long 
t e r m  th e  q u e s t i o n s  w e r e :
(a) F o r  wha t  p e r i o d  of t i m e  would  th e  i n d u s t r y  c o n t r i b u t e  to th e  
w e l l - b e i n g  of  th e  c o n s u m e r  body a s  a w ho le?
(b) W hat  would  be  t h e  i n d u s t r y ' s  e a r n i n g s  o v e r  any  p e r i o d ?
In th e  s h o r t  t e r m  the  q u e s t io n s  w e r e  of  m o r e  i m m e d i a t e  
c o n s e q u e n c e :
(c) Should  one  o r  two p r o d u c t i o n  c o m p l e x e s  be  o p e r a t e d ?
(d) W e r e  m o d i f i c a t i o n s  to p l an t  necessary*?
(e) W as  th e  h a n d l in g  e q u ip m e n t  of  s u f f i c i e n t  c a p a c i t y ?
(f) W e r e  a d e q u a t e  s t o r a g e s  a v a i l a b l e  a n d  w e r e  t h e s e  s t o r a g e s  
l o c a t e d  in  th e  b e s t  p l a c e s ?
(g) W e r e  th e  c h a n n e l s  of  d i s t r i b u t i o n  th e  m o s t  s u i t a b l e  and  the  
d i s t r i b u t i o n  f a c i l i t i e s  a d e q u a t e  in v a r i o u s  s i t u a t i o n s .
(h) W e r e  th e  p r i c e  l e v e l s  to the  v a r i o u s  m a r k e t s  a p p r o p r i a t e l y  
s e t  g iv ing  due r e g a r d  to c u s t o m e r  equity ,  t o t a l  c o n s u m e r  
b e n e f i t  a nd  the  v i a b i l i t y  of  th e  i n d u s t r y ?
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T h r o u g h  th e  m e d i u m  of  th e  m o d e l ,  a n s w e r s  to t h e s e  q ue s t ion s  
could  be  o b ta in e d .  T h e  a n s w e r s  in a l l  c a s e s  w e r e  e x p r e s s e d  in m a r g i n a l  
and a v e r a g e  t e r m s  and  u s e d  in  e a c h  s t r a t e g y  e v a l u a t io n  w h e r e  
a p p r o p r i a t e .
2. T H E  S E L E C T IO N  OF A S U IT A B L E  M OD E L
T h e  way in  w h ich  u n c e r t a i n t y  p e r v a d e s  th e  w ho le  b u s i n e s s  (and 
t h e r e f o r e  p e r v a d e s  a m o d e l  r e p l i c a t i o n )  l i m i t s  th e  u s e  of  d i r e c t  o p t im is in g  
m o d e l s ,  e . g . ,  l i n e a r  p r o g r a m m i n g  (LP) ,  q ueue ing  m o d e l s ,  in v e n to r y  
m o d e l s ,  e tc .  F o r  e x a m p le ,  in the  b r i q u e t t e  i n d u s t r y  to s e a r c h  fo r  a long 
t e r m  s t r a t e g y ,  th e  d y n a m ic  n a t u r e  of  t h e  b u s i n e s s  m u s t  b e  known o r  
e s t i m a t e d .  An L P  th a t  do e s  th i s  bu t  t r e a t s  u n c e r t a i n t y  a s p e c t s  by s im p ly  
u s in g  a v e r a g e  v a l u e s  i s  not l i k e ly  to y i e l d  a good s t r a t e g y  e s p e c i a l l y  w h e r e  
the  i n t e r a c t i o n s  b e tw e e n  h o u r l y  e v e n t s  a r e  c r i t i c a l  in  t h e  p e r f o r m a n c e  of 
the  i n d u s t r y .
By c o n t r a s t ,  d y n a m ic  p r o g r a m m i n g  m o d e l s  c a n  a n a l y s e  
p r o b l e m s  to be  e v a lu a te d  o v e r  c o n s e c u t i v e  p e r i o d s  w h ich  c o n ta in  
u n c e r t a i n t i e s .  H o w e v e r ,  d y n a m ic  p r o g r a m m i n g  in p r a c t i c e  c a n  t r e a t  
only d r a s t i c a l l y  s i m p l i f i e d  s y s t e m s  fo r  u n l e s s  th e  s y s t e m  i s  c h a r a c t e r i s e d  
by only  a few s t a t e  v a r i a b l e s ,  the  c o m p u ta t i o n a l  t a s k  of  so lv in g  a dyn am ic  
p r o g r a m m i n g  m o d e l  i s  beyond  th e  c a p a c i t y  of  m o s t  c o m p u t e r s  in  u s e .
T h i s  l i m i t a t i o n  is  a p p l i e d  in  an  even  m o r e  s t r i n g e n t  way fo r  dyn am ic  
p r o b a b i l i s t i c  m o d e l s .
T h e  c o m b in e d  e ffec t  of u n c e r t a i n t y  and  r i s k ,  th e  i n t e r a c t i o n s  
b e tw e e n  d e c i s i o n s  and  s u b s e q u e n t  e v e n t s ,  th e  c o m p le x  i n t e r d e p e n d e n c i e s  
a m o n g  the  v a r i a b l e s  of  t h e  b u s i n e s s  and  th e  n e e d  to look  a t  h o u r l y  e v en ts  
m a k e s  the  to ta l  s y s t e m  p r o b l e m  too big and  too i n t r i c a t e  to hanc’ie by 
m e th o d s  o u t l in e d  a b o v e .  T h e  b e s t  o p e r a t i o n a l  r e s e a r c h  a p p r o  » h in 
t h e s e  c i r c u m s t a n c e s  i s  the  d ig i ta l  c o m p u t e r  s i m u l a t i o n .
In t h i s  m e t h o d  th e  u n c e r t a i n t i e s ,  d e c i s i o n  i n t e r a c t i o n s  and 
i n t e r d e p e n d e n c i e s  a r e  f o r m u l a t e d  and  w r i t t e n  in to  a c o m p u t e r  p r o g r a m .
T h e  s i m u l a t i o n  o f  th e  b u s i n e s s  b e g in s  a t  a s p e c i f i e d  s t a r t i n g  s t a t e  and the  
c o m b in e d  e f f e c t s  of  d e c i s i o n s ,  p r e d e t e r m i n e d  and  r a n d o m  e v en ts  c a u s e  
th e  s y s t e m  to m o v e  to a n o t h e r  s t a t e .  D e p en d e n t  upon  th e  p a r t i c u l a r  
s y s t e m  t h e r e  w i l l  be  an  o p t im u m  t i m e  i n t e r v a l  b e tw e e n  s u c c e s s i v e  s t a t e s .
To  s p a n  the to ta l  p e r i o d  be ing  s i m u l a t e d  i t  i s  n e c e s s a r y  to m o n i t o r  and 
modify  m a n y  c o n s e c u t i v e  s t a t e s .
T o  o b t a in  su f f i c i e n t  s t a t i s t i c a l  a c c u r a c y  f o r  r e l i a b l e  d e c i s io n s  
a c o n s i d e r a b l e  n u m b e r  of  s i m u l a t i o n  r u n s  a r e  u s u a l l y  n e c e s s a r y .  How ever ,  
once  a b a s i s  i s  e s t a b l i s h e d  fo r  a g iven  s e t  of  input p a r a m e t e r s ,  i t  is 
p o s s ib l e  to e v a l u a t e  th e  e f fec t  o f  a c h a n g e  of any  one  p a r a m e t e r  by holding  
al l  o t h e r s  c o n s t a n t  a nd  r e p e a t i n g  the  s i m u l a t i o n  p r o c e s s .
T h e  b r i q u e t t e  i n d u s t r y  s i m u l a t i o n  m o d e l  p r o v i d e s  m a n a g e m e n t  
with a s y s t e m a t i c  a p p r o a c h  to d e c i s i o n  m a k in g ,  a w ay  w hich  i s  c l e a r l y  
m o r e  d e s i r a b l e  th an  th e  a l t e r n a t i v e  ' in tu i t ive  " a n a l y s i s " .
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3, M A C R O S T R U C T U R E
T h e  s t r u c t u r e  of  th e  s i m u l a t i o n  m o d e l  r e p r e s e n t i n g  the  
b r i q u e t t e  i n d u s t r y  i s  c o n v e n ie n t ly  d e s c r i b e d  in t e r m s  of i t s  dynam ic  
func t ions  and  i t s  e n t i t i e s .  T h e  d y n a m ic  func t io ns  a r e  a s e t  of d e c i s io n  
r u l e s  w h ich  a r e  t y p i c a l l y  e x p r e s s e d  a s :
W ha t  w i l l  h a p p e n  to A i f  B o c c u r s ?  T h e s e  r u l e s  a r e  th e  
f o r m a l i s a t i o n  of  e v e n t s  a s  th e y  o c c u r  in  p r a c t i c e .  In m a n y  s tu d ie s  r u l e s  
c ann o t  be  ch an g e d ,  in  th i s  e x e r c i s e  h o w e v e r  th e  m o d e l  w a s  su f f ic ie n t ly  
f lex ib le  to p e r m i t  r u l e  m a n i p u l a t i o n  and h e n c e  d e t e r m i n e  th e  o p t im a l  way 
(with in th e  p r a c t i c a l  c o n s t r a i n t s )  in  which  th e  i n d u s t r y  sh o u ld  be  ru n .
T h e  e n t i t i e s  of  the  b r i q u e t t e  i n d u s t r y  a r e  th e  p r e v i o u s l y  definet 
bu i ld ing  b lo c k s  of  p r o d u c t io n ,  s t o r a g e ,  d i s t r i b u t i o n  and  d e m a n d .  Building 
b lo c k s  a r e  c o m p o s e d  of m a n y  a t t r i b u t e s ,  e . g . ,  c o n s u m e r  b e h a v io u r ,  plant 
th ro u g h p u t ,  e q u ip m e n t  c a p a b i l i t y ,  c o a l  qua l i ty ,  e t c .  E a c h  of t h e s e  
a t t r i b u t e s  i s  a s c r i b e d  a m e a n  v a lu e  and  a v a r i a b i l i t y .  T h e  m e a n  va lue  
d e s c r i b e s  th e  a v e r a g e  p e r f o r m a n c e  of th e  a t t r i b u t e  w h i l s t  th e  v a r i a b i l i t y  
i n d i c a t e s  th e  w a y  in  w h ich  th e  a t t r i b u t e  v a lu e  v a r i e s  in  o p e r a t i o n .
T h e  c o m p le x i t y  w h ich  r e s u l t s  on p u t t in g  t o g e t h e r  t h e s e  building 
b lo c k s  a r i s e s  in  p a r t  f r o m  th e  n u m b e r  of b lo c k s  but  m a i n ly  f r o m  th e  i n t e r ­
d e p e n d e n c i e s  of  t h e  v a r i o u s  p a r t s .  F i g u r e  2 i l l u s t r a t e s  th e  s t a t i c  f r a m e ­
w o r k  which  d e s c r i b e s  th e  s t r u c t u r e  of t h e  b r i q u e t t e  i n d u s t r y .
Figure 2. S tructu re  o f the Briquette In d u s tr y -C lo se d  Loop System
In F i g u r e  2 th e  i n d u s t r y  r e p r e s e n t a t i o n  i s  shown in a s t a t i c  
f o r m ,  i.  e . ,  th e  t i m e  d i m e n s i o n  h a s  no t  b e e n  in c lu d e d .  T h i s  i n t r o d u c e s  
f u r t h e r  c o m p l e x i t i e s  of  even  l a r g e r  s c a l e  and  i s  to be  p u r s u e d  l a t e r  
(Sec t ion  5). T h e  f ig u re  is  a l s o  d e p ic t e d  a s  a c l o s e d  loop s y s t e m  with  
only  t h r e e  inpu t  v a l u e s  c o n n e c t in g  t h i s  s y s t e m  to the  e n v i r o n m e n t .  
A l though  a r u d i m e n t a r y  p r e s e n t a t i o n ,  i t  p e r m i t s  th e  m o d e l  to r e t a i n  a 
s i g n i f i c a n t ly  v a l id  r e p r e s e n t a t i o n  of th e  i n d u s t r y  w i thou t  b e c o m in g  too 
l a r g e  and  th u s  l o s i n g  th e  a b i l i ty  to  ob ta in  c o m p u ta b l e  a n s w e r s .  F o r  th i s  
r e a s o n  it  i s  a l s o  n e c e s s a r y  to i n i t i a l ly  deve lop  th e  m o d e l  a s  t i m e  
in v a r i a n t ,  i n t r o d u c in g  th e  t i m e  d i m e n s i o n  to th e  m o d e l  a f t e r  a l l  the  
s e p a r a t e  e n t i t i e s  h a v e  b e e n  a r r a n g e d  a s  a to ta l  m o d e l .  T h e  full effect  of 
the  i n t e r a c t i o n s  w i th in  th e  m o d e l  a r e  then ,  and  only  then ,  r e a l i s e d .
9.
4. M IC R O S T R U C T U R E
W hils t  the  b u s i n e s s  in i t s  to ta l  f o r m  e s s e n t i a l l y  exh ib i ts  the  
s t a t e  of a c lo s e d  loop s y s t e m  ( F i g u r e  2 ), i f  m o r e  th an  a few v a r i a b l e s  
ex is t  it i s  e x t r e m e l y  d i f f icu l t  to deve lop  a m o d e l  f r o m  the  m a c r o s t r u c t u r e .
It is n e c e s s a r y  to b r e a k  th e  p r o b l e m  down to s m a l l e r  e l e m e n t s  (the e n t i t i e s )  
and a n a l y s e  eac h  s e p a r a t e l y ,  bu i ld ing  up a "b lo c k "  fo r  l a t e r  s y n th e s i s  to the  
to ta l  m o d e l .  A s  th e  e n t i t i e s  p r e v i o u s l y  d e s c r i b e d  h a v e  c l e a r l y  def ined  
b o u n d a r i e s  th ey  do c o n s t i t u t e  obv ious  a r e a s  fo r  c o n c e n t r a t i o n .  The  
m a c r o s t r u c t u r e  in F i g u r e  2 i s  r e p r o d u c e d  in  F i g u r e  3 , in d ic a t in g  how a se t  
of  open loops  (the bu i ld ing  b lo c k s )  do f o r m  th e  c l o s e d  loop of  F i g u r e  2 .
l ig u r e  3. S tru c tu re  o f  the Briquette In d u s try -  Sequence of O pen Loop System
It i s  p e r h a p s  a b e t t e r  r e p r e s e n t a t i o n ,  fo r  t h o s e  lo o p s  le f t  open  a r e  in the  
m a in  t i m e - d e p e n d e n t  and  c a n n o t  func t ion  p r o p e r l y  un t i l  t h e  s y s t e m  is  
b ro u g h t  t o g e t h e r  a s  a c o h e r e n t  w ho le  (Sec t ion  5 ). T h e  r e m a i n i n g  p a r t  of 
th i s  s e c t i o n  w i l l  c o n c e n t r a t e  on th e  d e ta i l  of  the  d e v e lo p m e n t  of e a c h  of 
the four  bu i ld ing  b l o c k s .
4. 1 D e m a n d
T a b l e s  1 and  2 in d i c a t e  th e  ty p e  and s i z e  of  the  v a r i o u s  m a r k e t s .  
T h e  d e m a n d  in e a c h  m a r k e t  i s  c l e a r l y  g o v e r n e d  by  d i f f e r e n t  d e t e r m i n a n t s .  
E a c h  w il l  be  d e v e lo p e d  s e p a r a t e l y .
4. 1. 1 D o m e s t i c
D e m a n d  in  th e  d o m e s t i c  m a r k e t  a r i s e s  f r o m  th e  need  fo r  hom e  
hea t ing  a nd  d o m e s t i c  hot w a t e r .  T h e  hot w a t e r  lo a d  p r o v i d e s  a b a s e  
d e m a n d  and  th e  h e a t in g  lo a d  th e  v a r i a b l e  d e m a n d  de pe nde n t  upon the  s e a s o n .  
All d o m e s t i c  d e m a n d  is  s a t i s f i e d  t h r o u g h  b r i q u e t t e  d i s t r i b u t o r s  who hold 
v i r t u a l ly  no s t o c k s  but o r d e r  in a n t i c ip a t io n  of  s a l e s .
T h i s  s e t  of c i r c u m s t a n c e s  a l lo w ed  a f o r e c a s t i n g  m o d e l  b a s e d  
on c a u s a l i t y  to be  d e v e lo p e d  - th e  c a u s a l  f a c to r  be ing  th a t  u s e d  by fuel 
m e r c h a n t s  a s  "how c o ld  it i s "  o r  m o r e  s c i e n t i f i c a l l y  a s  u s e d  by  th e  m ode l  
a s  a funct ion  of  t e m p e r a t u r e .  Hav ing  e s t a b l i s h e d  a r a t i o n a l e  i t  w a s  then  
n e c e s s a r y  to  c o m p i l e  the  a v a i l a b l e  s t a t i s t i c s  in a m e a n in g f u l  w ay .  In 
t e r m s  of s a l e s  v o l u m e  th e  b r i q u e t t e  d i s t r i b u t o r ' s  t u r n o v e r  i s  th e  a g g r e g a t e
~.l ^v. jfjui i ,uaoco xiictut* uy m e  end c o n s u m e r .  T h e  da i ly  c o n s ig n m e n t  
s t a t i s t i c s  to d i s t r i b u t o r s  w e r e  t h e r e f o r e  u s e d  a s  th e  d e pe nde n t  v a r i a b l e  
a f t e r  a d j u s t m e n t s  ha d  b e e n  m a d e  to a l low  fo r  th e  v a r i o u s  p r e f e r e n c e s  to 
have  c o n s i g n m e n t s  p l a c e d  a t  a r a i l  s i d in g  on a  p a r t i c u l a r  day.
S e v e r a l  i n d e p e n d e n t  v a r i a b l e s  w e r e  p r o c e s s e d  by  n o n - l i n e a r  
m u l t i - r e g r e s s i o n a l  a n a l y s e s  to a r r i v e  a t  th e  b e s t  f o r m  of  th e  f o r e c a s t i n g  
m o d e l .  (Th is  f o r m  b e in g  d i c t a t e d  by  th e  b e s t  l e v e l  o f  s i g n i f i c a n c e  of the  
d e pe nde n t  v a r i a b l e  a s s o c i a t e d  with  l e a s t  c o m p le x i t y  of  th e  m o d e l .  ) One 
in d ep en d en t  v a r i a b l e ,  a n  e x p o n e n t ia l ly  w e ig h te d  func t ion  of  t e m p e r a t u r e ,  
w as  found to s a t i s f y  t h e s e  r e q u i r e m e n t s .
T h e  fo l lowing  f a c t o r s  w e r e  u s e d  in  o r  i n f lu e n c e d  th e  f o r m  of
the  m o d e l :
* T h e  l iv in g  h a b i t s  of t h e  c o n s u m e r  p o p u la t io n  be ing  n o r m a l l y  
d i s t r i b u t e d  a b o u t  a m e a n  v a lu e  of  c o m f o r t .
* 7 0 ° F  i s  th e  c r i t e r i o n  of c o m f o r t  (in t e r m s  of  t e m p e r a t u r e ) .
* W eek ly  p u r c h a s i n g  h a b i t s  a r e  a n o r m  of  c o n s u m e r  b e h a v io u r .
* P u r c h a s e s  m a d e  o v e r  s e v e r a l  w e e k s  p r e c e d i n g  th e  i m m e d i a t e  
p u r c h a s e  d e c i s i o n  and the  c l i m a t e  c o n d i t i o n s  e x p e c t e d  in the  
f u tu r e  in f l u e n c e  th e  m a g n i t u d e  of  any  p u r c h a s e .
T h e  e q u a t io n  e x p r e s s i n g  th i s  b e h a v i o u r  w a s  of  th e  f o r m  -
A + B C X
W h e r e  Y r e p r e s e n t s  the  d a i ly  d o m e s t i c  d e m a n d  of  b r i q u e t t e s  
in  to n s ;
1 r e p r e s e n t s  th e  m a x i m u m  d a i ly  de m a nd ;
B i s  a f a c t o r  r e p r e s e n t i n g  a l e a r n i n g  c u r v e  e ffec t  of 
p a s t  and f u tu r e  c l i m a t e  on s a l e s  v o l u m e .
C i s  a f a c t o r  r e p r e s e n t i n g  th e  v a r i a b i l i t y  of c o n s u m e r  
h a b i t s  o f  th e  pop u la t ion .
x r e p r e s e n t s  th e  s e v e n - d a y  m o v in g  a v e r a g e  of  d e g r e e  
d a y s  b a s e d  on t e m p e r a t u r e  s t a t i s t i c s  of  M e lb o u r n e .
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The f o r m  of  th e  d o m e s t i c  f o r e c a s t i n g  m o d e l  i s  shown in  
F i g u r e  4. T h e  f u n d a m e n ta l  e qua t io n  of  r e l a t i o n s h i p  d e r i v e d  by l e a s t  
s q u a r e s  a n a l y s i s  r e v e a l e d  a n  a c c e p t a b l y  low s t a n d a r d  e r r o r  of e s t i m a t e ,  
and  a high d e g r e e  of  c o r r e l a t i o n  b e tw e e n  d a i ly  s a l e s  and  the  m ov ing  average  
of  d a i ly  d e g r e e  d a y s .
4 .1 .2  Industr ia l
D e m a n d  in  the  i n d u s t r i a l  m a r k e t  a r i s e s  f ro m  i n d u s t r i a l  hea t ing  
a n d / o r  p r o c e s s  s t e a m  r e q u i r e m e n t s .  It i s  d e p e n d e n t  upon th e  c o s t  of fuel, 
c a p i t a l  c o s t  of  p lan t ,  m o d i f i c a t io n ,  o p e r a t i o n  and m a i n t e n a n c e  c o s t s  of 
p lan t .  I n e  i n d u s t r i a l  b u y e r  i s  e s s e n t i a l l y  a n  e c o n o m ic  b u y e r .
Owing to th e  v a r i e t y  of  w a y s  in w h ich  e a c h  of  the  d e t e r m i n a n t s  
l i s t e d  a b o v e  cou ld  a f f e c t  d i f f e r e n t  c u s t o m e r s ,  a g e n e r a l  f o r m ,  o r  m ode l ,  
s a t i s f y in g  e a c h  c u s t o m e r  cou ld  be  e x t r e m e l y  c u m b e r s o m e .  A c l o s e r  
a n a l y s i s  r e v e a l e d  th a t  6% of c u s t o m e r s  a c c o u n te d  fo r  92% of i n d u s t r i a l  
s a l e s .  Ind iv idua l  a n a l y s e s  of  th e  c u s t o m e r s  in  t h i s  g r o u p  w e r e  c a r r i e d  
out  and  t h e i r  r e q u i r e m e n t s  fo r  b r i q u e t t e s  a nd  s u s c e p t i b i l i t y  to c o m p e t i t i o n  
d e t e r m i n e d .  T h e s e  d e m a n d s  w e r e  in  t e r m s  of t h e i r  m e a n  va lue ,  the  
v a r i a b i l i t y  of  t h e i r  da i ly  p u r c h a s e s  be ing  o b t a in e d  f r o m  p a s t  r e c o r d s .
T h e  l a s t  8% of  c u s t o m e r s  c o n s u m i n g  w ho le  b r i q u e t t e s  w e r e  
t r e n d e d  f r o m  r e c o r d s  of  p a s t  d a ta  u s in g  l e a s t  s q u a r e s  a n a l y s i s .  Both  
m e a n  v a lu e s  and  da i ly  v a r i a b i l i t y  w e r e  o b ta in e d .
A r i s i n g  f r o m  th e  m a n u f a c t u r e  a n d  h and l ing  of  b r i q u e t t e s ,  a 
c e r t a i n  a m o u n t  of  w a s t a g e  i s  o b ta in e d .  S om e  of  th i s  w a s t a g e  c a n  be 
r e c i r c u l a t e d  in the  m a n u f a c t u r i n g  p r o c e s s  and  r e b r i q u e t t e d .  H ow e ve r ,  a 
l a r g e  q uan t i ty  m u s t  be  e i t h e r  c o n s u m e d  by i n d u s t r y  o r  u s e d  in  the  p o w e r  
s t a t i o n s .
T h e  h a r v e s t  of  w a s t a g e  w as  p r o j e c t e d  o v e r  th e  p e r i o d  of 
p lann ing ,  s a l e s  w e r e  s t i m a t e d  to i n d u s t r y  and  th e  b a l a n c e  a l l o c a t e d  to 
p o w e r  s t a t i o n s .  I he v a r i a b i l i t y  a s s o c i a t e d  w ith  s a l e s  a f f e c t e d  only  the  
a m o u n t s  go ing  to th e  r e s p e c t i v e  d e m a n d  a r e a s .
4 . 1 . 3  C h a r *
C h a r  p o s s e s s e s  un ique  p r o p e r t i e s  a s  a s o u r c e  of i n d u s t r i a l  
c a r b o n  of  h igh  p u r i t y .  It i s  to be  e x p e c t e d  t h a t  a c o n s i d e r a b l e  dem and  
wil l  e x i s t ;  h o w e v e r ,  a s  a t  p r e s e n t  i t  i s  in the  d e v e lo p m e n t  p h a s e ,  m a r k e t  
p e r f o r m a n c e  i s  n o n - e x i s t e n t .  In th i s  s i t u a t i o n  m a r k e t  r e s e a r c h  i s  the 
only m e a n s  of  p r e d i c t i n g  f u tu r e  s a l e s .
In th e  d o m e s t i c  f o r e c a s t i n g  m o d e l  d e m a n d  w a s  a s s o c i a t e d  
with  c a u s a l i t y ,  i .  e . , a r e a s o n  fo r  p u r c h a s i n g  w a s  sough t  and  d e m a n d  
was  ( s t a t i s t i c a l l y )  a s s o c i a t e d  with  tha t  r e a s o n .  In th e  i n d u s t r i a l  
f o r e c a s t i n g  m o d e l  a ty p e  of  a d a p t iv e  m o d e l  w a s  u s e d .  A t r e n d  was 
ob ta ined  and  m o d i f i c a t i o n s  to th i s  t r e n d  l i n e  w e r e  c a r r i e d  out tak ing  
into a c c o u n t  th e  p a r t i c u l a r  c i r c u m s t a n c e s  of  e a c h  m a j o r  c o n s u m e r .
To f o r e c a s t  th e  c h a r  m a r k e t  i s  f a r  m o r e  d i f f icu l t .  D a i ly  v a r i a b i l i t y  
does  not c o n s t i t u t e  th e  m a j o r  p r o b l e m  a s  in  the  two m e t h o d s  above; 
it i s  th e  u n c e r t a i n t y  th a t  s a l e s  w i l l  e v e n tu a te .
By c a r b o n i s i n g  b r i q u e t t e s  with  a c lo s e ly  c o n t r o l l e d  h e a t in g  c y c l e ,  the  
vola t i le  c o m p o n e n t  of  th e  fuel i s  r e m o v e d ,  l e a v in g  a s t r o n g  so l id  
r e s id u e  ( c h a r ) .  T h i s  p r o d u c t  p o s s e s s e s  c h a r a c t e r i s t i c s  w h ich  a r e  in 
high d e m a n d  a s  a n  i n d u s t r i a l  c a r b o n .
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In t h i s  s i t u a t i o n  m a r k e t  r e s e a r c h  p r o v i d e s  th e  only m e a n s  of 
gaug ing  the  f u tu r e  l e v e l  o f  s a l e s .  -Local and  o v e r s e a s  m a r k e t s  w e r e  
s u r v e y e d  and  in te nd in g  m a n u f a c t u r e r s  i n t e r v i e w e d .  T h e i r  p l a n s  (checkei 
a g a in s t  m a r k e t  p o t e n t i a l s )  f o r m e d  th e  b a s i s  of  th e  f o r e c a s t  m o d e l  fo r  the 
c h a r  m a r k e t .  T h e  con t in u o u s  n a t u r e  of  t h e  c h a r  m a k in g  p r o c e s s  e limina 
any da i ly  v a r i a b i l i t y ,  a l though  th e  e x p e c t e d  l e v e l  of  s a l e s  co n ta in ed  a con­
s i d e r a b l e  d e g r e e  of  u n c e r t a i n t y .
Owing to the  n a t u r e  of  i t s  d e m a n d ,  h o w e v e r ,  th e  c h a r  m a r k e t  
f o r e c a s t s  cou ld  be t r e a t e d  d i f f e r e n t l y  to th e  o t h e r  f o r e c a s t s .  It a f fec ted  
only  the  l e v e l  o f  p r o d u c t i o n  a nd  not the  da i ly  v a r i a t i o n .  T h e  l e v e l  of sale 
w as  t h e r e f o r e  u s e d  a s  a p a r a m e t e r  in  th e  s i m u l a t i o n ,  not a s  a v a r i a b l e .
To e a c h  of  t h e s e  ( s t a t i c )  m o d e l s  w a s  s u p e r i m p o s e d  a s e c u l a r  
t r e n d  which  w a s  d e t e r m i n e d  f r o m  c o n s u m e r  s u r v e y s  and  a n a l y s e s  of pa s t  
s t a t i s t i c s .  T h i s  a l lo w ed  the  f o r e c a s t  m o d e l s  to p r e d i c t  f o r w a r d  any 
p lan n in g  s p a n  r e q u i r e d .
A flow d i a g r a m  of  th e  f o r e c a s t i n g  m o d e l  fo r  d e m a n d  i s  shown
in F i g u r e  5.
Figure 5. F low  D ia g ra m  o f Forecasting  M odel
4. 2 P r o d u c t i o n
As th e  e n t i r e  i n d u s t r y  w a s  p r e s e n t e d  in  d i a g r a m m a t i c  fo rm  
e a r l i e r  ( F i g u r e  1 ) a s i m i l a r  r e p r e s e n t a t i o n  o f  th e  p r o d u c t io n  en t i ty  to be 
m o d e l l e d  m a y  a l s o  p r o v e  b e n e f i c i a l  to  th e  r e a d e r .  F i g u r e  6 r e p r e s e n t s  
th e  m a j o r  func t io ns  w i th in  any  of th e  f a c t o r i e s .
T h e  b r iq u e t t i n g  p r o c e s s  t a k e s  abou t  3 |  h o u r s .  A f t e r  crushing 
and s c r e e n i n g ,  fine ,  m o i s t  b r o w n  c o a l  i s  p a s s e d  th ro u g h  l a r g e ,  s t e a m -  
h e a te d ,  r e v o lv i n g  d ry in g  d r u m s  to r e d u c e  i t s  m o i s t u r e  c on ten t .
T h i s  d r i e d  c o a l  is  s c r e e n e d  and  t h e  l a r g e r  p a r t i c l e s  c r u s h e d .  
It i s  t h en  c o o le d  in s p e c i a l  coo l ing  h o u s e s .
B r i q u e t t e s ,  e x t r u d e d  t h r o u g h  f o r m s ,  f o r c e d  out f r o m  the  
p r e s s e s  a long  n a r r o w  t r o u g h s  - known a s  l a u n d e r s  - e m e r g e  in b a r s  
c o n ta in in g  s e v e r a l  b r i q u e t t e s  jo ined  t o g e t h e r .  A s  t h e s e  b a r s  r e a c h  the 
end o f  th e  l a u n d e r s ,  th e y  a r e  cu t  in to  s e p a r a t e  b r i q u e t t e s .  13 .
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P a s s a g e  a long  l a u n d e r s  and  c o n v e y o r s  a l lo w s  th e  b r i q u e t t e s  to 
cool off b e f o r e  be ing  d e l i v e r e d  in to  a s p e c i a l l y  v e n t i l a t e d  s t o r a g e  sh ed  o r  
l o ad e d  in to  V i c t o r i a n  R a i lw a y s  t r u c k s  fo r  d e s p a t c h  to  o t h e r  p a r t s  of  the 
S ta te .  B r i q u e t t e s  fo r  c h a r  m a k in g  go d i r e c t  to a p r o c e s s i n g  s o u r c e  by 
b e l t  c o n v e y o r .
T h r o u g h o u t  th i s  flow pa th  310 m a j o r  i t e m s  of  p lan t  a r e  u s e d .  
T h e s e  p lan t  a r e  s u b j e c t  to  v a r i o u s  s c h e d u l e d  and u n s c h e d u le d  o u t a g e s .  In 
deve lop ing  th e  p r o d u c t i o n  m o d e l  a l l  r e l e v a n t  s t a t i s t i c s  w e r e  a s s e m b l e d  and 
the  r e s p e c t i v e  f r e q u e n c i e s  of  p a r t i c u l a r  p l an t  d o w n t im e s  ob ta in e d .  T h e s e  
a r e  shown in  F i g u r e s  7 & 8 .
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In a dd i t ion ,  p r e s s e s  m u s t  be  r e g u l a r l y  t a k e n  out of  s e r v i c e  for
re too l ing .  T h e  f r e q u e n c y  of  r e t o o l i n g  i s  de p e n d e n t  upon  f o r m  li fe ,  th e
v a r ia b i l i ty  of  w h ich  i s  i l l u s t r a t e d  in F i g u r e  9. In th e  p r o g r a m ,  p r e s s
outage due to c a s c a d i n g  of w o r n  f o r m s  i s  a v o id ed  by  c o n t in u a l ly  s e e k in g  an
opt im al f o rm  l i f e .  , ,
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A p a r t  f r o m  t h e s e  c o n s t r a i n t s  to p l a n t  o p e r a t i o n s  the  quant ity  
and qua l i ty  of  th e  c o a l  and  s t e a m  a f f e c t e d  p r o d u c t i o n  l e v e l s  and th e  decisio 
a r i s i n g  f ro m  th e  a p p l i c a t i o n s  Of th e  r u l e s .  T h e i r  v a r i a b i l i t y  i s  shown in 
I’ i g u r e s  10 to 13.
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P R O D U C T I O N  
HO U R S  
L O S T
Figure 11. C o a l Q u a lity
H O U R S
L O S T
P R O D U C T I O N  
H O U R S  
L O S T
R A N D O M  N U M B ER
Figure 12. C o a l Shortage Figure 13. S te a m  Shortage
In c o n t r a s t  to th e  u n c e r t a i n  e n v i r o n m e n t  of  d e m a n d  the  product 
func t ion  cou ld  be  q u a n t i f ie d  w i th in  s t r i n g e n t  p r o b a b i l i t y  l i m i t s .  T h i s  
m a t h e m a t i c a l  a p p r o a c h  c o m b in e d  w ith  a s e t  of d e c i s i o n  r u l e s  f ac i l i t a t e d  th 
d e v e lo p m e n t  of  the  p r o d u c t io n  m o d e l .
T h e  s e t  of  d e c i s i o n  r u l e s  u n d e r  which  th e  f a c to r y  o p e r a t e d  (am 
t h e r e f o r e  which  g o v e r n e d  th e  f o r m  of  th e  m o d e l )  c e n t r e s  about  s e v e r a l  
f a c t o r s  of  p r o d u c t i o n .  T h e s e  w e r e  -
*
the  da i ly  m o i s t u r e  v a r i a t i o n  in  th e  coa l ;  
th e  qu a n t i ty  and  qua l i ty  of  c o a l  a t  e ac h  f a c to r y ;  
th e  quan t i ty  and  q ua l i ty  of  s t e a m  at eac h  f a c to r y ;  
p r i o r i t y  r a t i n g  fo r  ty p e  p r o d u c t io n ;  
d r i e r  b r e a k d o w n s  and  o u t a g e s ;
* p l a n t  b r e a k d o w n s  and o u t a g e s ;
* p r e s s  f o r m  li fe ;
* p r e s s  o u t a g e s ;
* r o u t i n e  m a i n t e n a n c e  p r o g r a m s ;
* p l an t  shutdown;
* i n d u s t r i a l  u n r e s t .
F i g u r e  14 i l l u s t r a t e s  th e  flow d i a g r a m  of  the  p r o d u c t io n  model.
Figure 14. F low  D iagram  of Production  M odel
16.
4. 3 S to ra g e
T h e  s e a s o n a l i t y  of  d e m a n d  fo r  b r i q u e t t e s  i s  show n  in F i g u r e  15. 
I h i s  s e a s o n a l i t y  i m p o s e s  a n e c e s s i t y  to hold  s t o r e s  o r  b a c k - u p  p r o d u c t io n  
f a c i l i t i e s .  Owing to th e  c o s t  e s c a l a t i n g  n a t u r e  i n h e r e n t  in th e  p ro d u c t io n  
c o m p le x ,  s t o r a g e  p r e s e n t s  th e  m o s t  e c o n o m i c a l  way of  a u g m e n t in g  
p r o d u c t io n  to m a t c h  d e m a n d  a nd  supp ly .
B r i q u e t t e s  s t o r e d  a r e  of  th e  i n d u s t r i a l  ty p e  owing to t h e i r  
g r e a t e r  r e s i l i e n c e  to w e a t h e r i n g  w i thou t  a s i g n i f i c a n t  l o s s  of  qua l i ty .
S to r ing  i n d u s t r i a l  b r i q u e t t e s ,  h o w e v e r ,  i n t r o d u c e s  a  p r o d u c t i o n  p r i o r i t y  
r a t i n g  a s  th e  d a i ly  d e m a n d  fo r  d o m e s t i c  b r i q u e t t e s  m u s t  be  m e t  ex 
p r o d u c t io n .  T h i s  m u l t i - p r o d u c t  s i t u a t i o n  s e r v e s  to f u r t h e r  c o m p l i c a t e  
th e  i n t e r d e p e n d e n c y  b e tw e e n  p r o d u c t i o n  and s t o r a g e  m o d e l s .
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Figure 15. S e a so n a lity  of D em a n d  fig u fe  16. Supply a n d  D em and
F i g u r e  16 sh ow s  th e  w ay  in  w h ich  p r o d u c t i o n  v a r i e s  o v e r  the  
d u r a t io n  of  one  y e a r  due  to  o p e r a t i o n a l  p r o c e d u r e s .  T h e  a g g r e g a t e  s a l e s  
c u r v e  ( f ro m  F i g u r e  15) i s  a l s o  shown.  T h e  a r e a  ly ing  b e tw e e n  t h e s e  two 
c u r v e s  r e p r e s e n t s  th e  m a j o r  s t o c k  m o v e m e n t s  which  a r e  n e c e s s a r y  to 
s a t i s f y  d e m a n d  o v e r  th e  p e r i o d .  On any  p a r t i c u l a r  day, h o w e v e r ,  the 
da i ly  b a l a n c e  of d e m a n d  to  su p p ly  d e t e r m i n e s  w ha t  w il l  be  p l a c e d  in to  o r  
d ra w n  f r o m  s t o r e .  T h i s  a s p e c t  i s  d i s c u s s e d  m o r e  fully  in Sec t ion  5.
S t o r a g e s  l o c a t e d  in  th e  n e a r  v i c i n i ty  of  th e  p r o d u c t io n  c o m p le x  
a r e  c l e a r l y  d e s i r a b l e .  T h i s  fo l lows f r o m  th e  c o s t  o f  c a p i t a l  t i e d  up in 
s t o c k s  a t  the  m a n u f a c t u r i n g  s i t e  b e in g  l e s s  th an  th e  c o s t  of  a s i m i l a r  
quant ity  of b r i q u e t t e s  a t  a s i t e  d i s t a n t  f r o m  th e  f a c t o r y  and  th e  o c c a s i o n a l  
in ab i l i t y  o f  p r o d u c t i o n  to su pp ly  the  l o c a l  m a r k e t  a t  th e  w o r k s .  H ow e ve r ,  
s o m e  s to c k  m u s t  be  h e ld  a t  th e  m a r k e t  d i s t a n t  f r o m  th e  f a c to r y  to c o v e r  
c o n t i n g e n c ie s  w h ich  m a y  a r i s e  f r o m  th e  d i s t r i b u t i o n  s y s t e m .  T h e  s i z e  
of  the  to ta l  ho ld in g  i s  d e p e n d e n t  upon th e  s h o r t f a l l  of  p r o d u c t io n  to d e m a n d  
o v e r  the  w i n t e r  p e r i o d  and  t h e  r e l i a b i l i t y  of  p l a n t  a t  t h a t  t i m e .
T h e  flow d i a g r a m  of  the  s t o r a g e  m o d e l  i s  show n  be low in
]< ig u r e  17.
T h e  m o d e l  a l lo w ed  the  e s t a b l i s h m e n t  of s t r i n g e n t  c o n t r o l  
l i m i t s  and p r i o r i t i e s  fo r  p l a c in g  and d i s c h a r g i n g  f r o m  p a r t i c u l a r  s t o r a g e  
a r e a s  on a da i ly  b a s i s .  In t h i s  way th e  o p t i m a l  m a n i p u l a t i o n  of s t o r a g e s  
w as  d e t e r m i n e d .
Figure 17. Flow D iagram  o f  the Storage M odel
4 .  4  D is t r i b u t i o n
F r o m  th e  lo a d in g  s h e d s  a t  M o rw e l l ,  b r i q u e t t e s  a r e  c o n s ig n e d  
to p r i v a t e  s i d in g s  a nd  s o m e  200 pub l ic  r a i l  s i d in g s  t h ro u g h o u t  th e  S ta te .  
B r i q u e t t e  d i s t r i b u t o r s  t a k e  d e l i v e r y  f r o m  t h e s e  s i d in g s  and  supp ly  the  end 
c o n s u m e r .
U s in g  a t r a n s p o r t a t i o n  m o d e l  th e  s e l e c t i o n  of  th e  b e s t  u s e  of 
s id ing s  by p a r t i c u l a r  b r i q u e t t e  d i s t r i b u t o r s  w as  m a d e .  T h e  t r a n s p o r t a t i o n  
m o d e l  i s  a d e t e r m i n i s t i c  m o d e l  w h ich  s e a r c h e d  fo r  the  o p t im a l  p l a c e m e n t  
of  b r i q u e t t e  d i s t r i b u t o r s .  Supply to t h e s e  s i d in g s  w a s  d e p e n d e n t 'u p o n  
p ro d u c t io n ,  s t o r a g e  l e v e l s ,  e q u ip m e n t  o p e r a t i o n  b e t w e e n  the  p l a n t  and 
ou t load ing  po in t ,  and  th e  V ic to r i a n  R a i lw a y s  f a c i l i t i e s  a nd  tim* ^ible.
T h e  a v a i l a b l e  f a c i l i t i e s  of  th e  VR i m p o s e d  m a j o r  c o n s t r a i n t s  
on a s e t  of o t h e r w i s e  f e a s i b l e  a l t e r n a t i v e  s t r a t e g i e s .  It c o n s t r a i n e d  the  
o p t im a l  s t r a t e g y  b e c a u s e  of  s e v e r a l  f a c t o r s .
T h e s e  w e r e  -
* n u m b e r  of  r a i l  w agons  a v a i l a b l e  to th e  i n d u s t r y  a t  any  po in t  in 
t i m e  and  w h e r e  t h e s e  w agons  w e r e  a v a i l a b le ;
* t u r n - a r o u n d  t i m e  o f  r a i l  w agons ;
* l ine  c a p a c i ty ;
* o t h e r  VR b u s i n e s s ,  e . g . ,  w hea t ,  s u p e r p h o s p h a t e ,  e tc .
* f re ig h t  t i m e t a b l e ;
* lo c o m o t iv e  a v a i l a b i l i t y ;
* s id ing  c a p a c i t i e s  and da i ly  v a r i a b i l i t y .
i a
T h e  s i m u l a t i o n  w a s  r u n  with  and  w i thou t  t h e s e  c o n s t r a i n t s  and 
at  c e r t a i n  i n t e r m e d i a t e  v a lu e s  to d e t e r m i n e  th e  b e s t  s t r a t e g y  to follow. 
T h e  s e n s i t i v i t y  of  eac h  of th e  c o n s t r a i n t s  (above)  w a s  e v a lu a te d  a s  w a s  the 
c o s t  of  m a k in g  e a c h  a l t e r n a t i v e  w o r k a b le  g iv en  th e  p a r t i c u l a r  c o n s t r a i n t  
s e t t in g .
T h e  flow d i a g r a m  fo r  the d i s t r i b u t i o n  m o d e l  i s  shown in F ig u re
Figure IK. Flow Diagram o f the D istr ibu tion  M odel 
5. T H E  LOGISTIC SYSTEM
T h e  c o n c e p t  of a l o g i s t i c  s y s t e m  i s  g e n e r a l l y  r e c o g n i s e d .  It 
i m p l i e s  th e  e f f ic ie n t  m a n a g e m e n t  of the  flow of  m a t e r i a l s  and  p r o d u c t s  
f r o m  s o u r c e  to u s e r .  It h a s  b e c o m e  a c c e p t e d  t h a t  t h e r e  i s  a n e ed  to desigi 
and  m a n a g e  a b u s i n e s s  a s  a s i n g le  un i t  r a t h e r  th an  a s e r i e s  of d i s c r e t e ,  
i n d e p en d en t  f u n c t io n s .
T h i s  c o n c e p t  a p p l i e d  to the  b r iq u e t t i n g  i n d u s t r y  in vo lves  the  
i n t e g r a t i o n  of  th e  fou r  e n t i t i e s  of  dem a n d ,  p r o d u c t io n ,  s t o r a g e  and 
d i s t r i b u t i o n  in to  a n  a l l - e m b r a c i n g  f o r m .  T h i s  f o r m  i s  de f ined  h e r e  a s  
th e  l o g i s t i c  s y s t e m  a nd  i s  r e p r e s e n t e d  by  th e  b r i q u e t t e  i n d u s t r y  m ode l .
T h e  l o g i s t i c  s y s t e m  i s  t i m e  and  even t  d e p e n d e n t .  Any even ts  
o c c u r r i n g  in  e n t i t i e s  w h ich  h i t h e r t o  have  b e e n  t r e a t e d  a s  d i s jo i n t  f r o m  
o t h e r  e n t i t i e s  c l e a r l y  t a k e  on  a new and m o r e  s i g n i f i c a n t  r o l e .  The  
s i t u a t i o n  i s  one  w h e r e  e v e r y t h in g  i s  de p e n d e n t  upon e v e r y th in g  e l s e  
c o n s t r a i n e d  only  b y  a s e t  o f  w o r k i n g  r u l e s .
I n t e g r a t i n g  the  t i m e  d o m a in  and  th e  s t a t i c  m o d e l  b r i n g s  ou t  t h e  
p r o b l e m  of  e v a lu a t in g  and s e l e c t i n g  the  o p t im u m  t i m e  sp a n  be tw een  
m o n i t o r in g  and  m o d i fy in g  c o n s e c u t i v e  s t a t e s  in  the  s i m u l a t i o n  e x e r c i s e .
T h e  o p t im u m  t i m e  s p a n  d e p e n d s  upon th e  p a r t i c u l a r  even t  u n d e r  s tudy  and 
the  m a x i m u m  le n g th  of  t i m e  it  m a y  be  i g n o r e d  w i thou t  s ig n i f i c a n t ly  
a f fe c t in g  th e  v a l i d i ty  of  th e  o v e r a l l  r e s u l t s ,  fo r  e x a m p le :
(i) F o r  the  d e m a n d  func t ion  th e  event  m u s t  be  lo o k e d  at  in i t i a l ly  to 
a llow p r o d u c t io n  p lann ing  fo r  the  day and  th e n  m o d i f i e d  when the 
a c tu a l  o r d e r s  a r e  known. Two s t a t e s  o f  d e m a n d  on any  day  a r e  
a l l  th a t  i s  r e q u i r e d .  1q
^iuuuv ,uui i  ± u u c m e i cqunx 'u ic 'm s  tji t* leu' m o r e  s t r i n g e n t .  
Owing to th e  l a r g e  n u m b e r  of  p l a n t  i t e m s  and  th e  i n h e r e n t  dependence  
of one i t e m  of  p lan t  on  a n o th e r ,  the s t a t e  of  th e  s y s t e m  can  v a r y  
c o n s i d e r a b l y  o v e r  a s h o r t  t i m e  sp an .  F o r  t i m e  s p a n s  in e x c e s s  of 
one h o u r  th e  e f fec t  o f  i g n o r in g  s t a t e  c h a n g e s  b e c o m e s  s ig n i f i ca n t .
Up to 24 s t a t e s  of p r o d u c t i o n  on any  day m u s t  t h e r e f o r e  be  m o n i to r e d .  
O th e r  func t io ns  w i th in  th e  p r o d u c t i o n  enti ty ,  s u c h  a s  ro u t i n e  ou tag es ,  
do not r e q u i r e  h o u r l y  o b s e r v a t i o n s .  In su c h  c a s e s  the  p e r io d  b e tw een  
s u b s e q u e n t  e v e n t s  of, s a y ,  a week ,  a m on th  o r  a y e a r ,  a d eq u a te ly  
d e s c r i b e  th e  p a r t i c u l a r  c i r c u m s t a n c e .  T h i s  d e m o n s t r a t e s  the  
p r e s e n c e  of  m a n y  o p t im u m  t i m e  s p a c e s  w i th in  a n  en t i ty .  T hey  a r e  
de p e n d e n t  upon th e  d y n a m ic  s i g n i f i c a n c e  of th e  r e s p e c t i v e  even ts .
(iii) T h e  v a r i a b i l i t y  of  d e m a n d  and  of p r o d u c t i o n  on any  day m a y  r e q u i r e  
a u g m e n t a t i o n  f ro m ,  o r  d i sp a tc h in g  to, s t o r a g e s .  T h e  event c an  
o c c u r  a t  any  t i m e  of  th e  y e a r ,  not only  on o c c a s i o n s  when s e a s o n a l i t y  
i s  d e m a n d in g  a c e r t a i n  m o d e  of o p e r a t i o n .  It i s  t h e r e f o r e  n e c e s s a r y  
to m o n i t o r  s t o r e s  f r e q u e n t ly  th ro u g h o u t  th e  day .
(iv) T h e  d e p e n d e n c e  of  the  whole  w o r k s  upon th e  c o l l e c t i o n  c o n v e y o r s  and 
lo ad ing  f a c i l i t i e s  p o in t s  to th e  e s s e n t i a l  n a t u r e  of  t h e i r  o p e r a t io n .  
H o u r ly  e v e n t s  a r e  c l e a r l y  s ig n i f i c a n t .  T h i s  p a r t  of the  d i s t r ib u t io n  
func t ion  i s  lo oke d  a t  on an  h o u r l y  b a s i s .  In c o n t r a s t ,  th e  VR em pty  
wagon s u p p ly  i s  e v a lu a te d  only once  p e r  day, a s  a r e  the  f ixed  a s p e c t s  
of  f r e ig h t  t i m e t a b l e ,  da i ly  s id in g  u s a g e  and  w agon  t u r n - r o u n d  t i m e .
O nce  t i m e  h a s  b e en  b ro u g h t  in to  th e  f r a m e w o r k  of the  m ode l ,  the  
r e s u l t i n g  f o r m  a s s u m e s  a d y n am ic  c h a r a c t e r .  I n t e r d e p e n d e n c i e s  be tw e en  
v a r i a b l e s  a r e  th en  f u r t h e r  in f lu e n c e d  by  i n t e r a c t i o n s  b e tw e e n  e ven ts  of  a 
t i m e  p e r io d  and  th e  e v e n t s  tha t  p r e c e d e  and  follow it .  U n c e r t a in ty  and v a r i ­
ab i l i ty  which  p e r m e a t e  t h r o u g h  th e  e n t i r e  m o d e l  b r i n g  out a d e g r e e  of c o m ­
p lex i ty  a l m o s t  beyond  h u m a n  c o m p r e h e n s i o n .  It i s  a s i t u a t i o n  w h e r e  s o m e  
sc ie n t i f i c  a p p r o a c h  m u s t  be  used ;  and  the. m a t h e m a t i c a l  m o d e l  c o n t r ib u te s  
p r e c i s e l y  th i s .  it c a n  and  does  p r o v i d e  a sound b a s i s  f o r  th e  e f fec t ive  
m a n a g e m e n t  of  th e  b u s i n e s s .
F i g u r e  19 i l l u s t r a t e s  th e  b r o a d  a s p e c t s  of  the  m o d e l .
lignre 19. I low D iagram of the Logistic System
I1 i g u r e  20  sh ow s  a ty p ic a l  full output  f o r m a t  fo r  a s ing le  day 
which is n e c e s s a r y  f o r  e v a lu a t in g  t a c t i c a l  m a n o e u v r e s ,  and F i g u r e  21 
i l l u s t r a t e s  a s u m m a r i s e d  f o r m  u s e d  fo r  s t r a t e g i c  e v a lu a t io n s .
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iviuut i l i n g  oi m e  lo g i s t i c  s y s t e m  t h r o w s  in to  s h a r p  r e l i e f  the 
a r e a s  s e n s i t i v e  to b u s i n e s s  d e c i s i o n s ,  be  th ey  s e e m i n g l y  in s ig n i f i c a n t  
( p r e s s  f o r m  l i fe )  o r  of  a m a j o r  n a t u r e  ( r e t i r e m e n t  of  a f a c to r y ) .  T he  
m ode l  a l lo w s  m a n a g e m e n t  to c o n c e n t r a t e  on  t h o s e  a r e a s  c r i t i c a l  to th e  
e ff ic ien t  r u n n in g  of  th e  b u s i n e s s .
6 - C O S T / E F F E C T I V E N E S S  OF T H E  M ODEL
T h e  c o s t  o f  bu i ld ing  a m o d e l  s u c h  a s  th i s  i s  m a i n ly  in the  
s a l a r i e s  of  th e  s t a f f  e n g a g e d  in i t s  c o n s t r u c t i o n .  T h e  b a l a n c e  of c o s t s  
a r e  a b s o r b e d  by p r o g r a m  d e v e lo p m e n t  and o p e r a t i o n  of th e  c o m p u t e r .  
D e v e lo p m en t  of th i s  m o d e l  invo lved  s o m e  t h r e e  m a n - y e a r s  - th i s  c o v e r e d  
the  p e r i o d  s t a r t i n g  with th e  de f in i t ion  of  th e  p r o b l e m  to a s t a g e  w h e r e  
r e s u l t s  fo r  m a n a g e m e n t  p e r u s a l  and  a c t io n  w e r e  be ing  o b ta in e d .  Of the  
c o m p u t e r  c o s t s ,  25 h o u r s  e l a p s e d  t i m e  on an  IBM 360 Model 40 w e r e  sp en t  
in deve lop ing  th e  p r o g r a m .  On the  C o m m i s s i o n ' s  IBM 360 Model  50 a 
p ro d u c t io n  r u n  fo r  one  y e a r  in full  output  f o r m  t a k e s  4 m i n u t e s  of c . p . u .  
t im e .  In s u m m a r i s e d  f o r m  it  t a k e s  2 \  m i n u t e s .  T a c t i c a l  d e c i s io n s  a r e  
m a d e  f r o m  the  full  ou tpu t  m o d e -and r a r e l y  ex tend  fo r  m o r e  th an  18 m o n th s .  
B a c k g r o u n d  to d e c i s i o n  m a k in g  on the t a c t i c a l  f ro n t  i s  t h e r e f o r e  ob ta ined  
in about  6 m i n u t e s  of c . p . u .  t i m e  fo r  each  s i m u l a t i o n .  On th e  o t h e r  hand, 
s t r a t e g i c  d e c i s i o n s  a r e  r e q u i r e d  o v e r  a p l an n in g  h o r i z o n  of  5 -1 0  y e a r s .  
E a ch  s i m u l a t i o n  r u n  on th i s  b a s i s  t a k e s  abou t  12{ to 2 5 m in u t e s  of c . p . u .  
t i m e .
T h e  v a lu e  o b ta in e d  f ro m  th i s  i n v e s t m e n t  cou ld  be  a s s e s s e d  on
two f ro n t s :
6 .1  T a c t i c a l  C o n t r o l  .
As  a tool to p r o v i d e  a q u a n t i t a t i v e  b a s i s  fo r  d e c i s io n  making ,  
the m o d e l  h a s  b e en  u s e d  in m a n y  a p p l i c a t i o n  a r e a s .  E x a m p l e s  of t h e s e  
a r e :  >
* O p t im a l  l e v e l  o f  s t o c k  ho ld ing  by w e e k s  a n d . t h e  a r e a s  w h e r e  
t h e s e  s t o c k s  sh ou ld  be  he ld .
* E v a lu a t i o n  of  e m e r g e n c y  s i t u a t i o n s  and  the a b i l i t y  of  o p t im a l  
s t o c k  l e v e l s  to su p p ly  t h e s e  r e q u i r e m e n t s .
* T h e  b e s t  u s e  of  e x i s t in g  s t o r e  f a c i l i t i e s .
* P r o d u c t i o n  c a p a b i l i t y  r e q u i r e d .
* T he  e f fe c t  o f  p lan t  a d d i t io n s  o r  r e m o v a l s .
* U p g ra d in g  o r  d e g r a d in g  of  p l an t  c a p a b i l i t y .
* O p t im a l  m a i n t e n a n c e  p r o g r a m s  and d e t e r m i n a t i o n  of  t h e  b e s t  
t i m e s  fo r  r o u t i n e  sh u td o w n s  and p lan t  m a i n t e n a n c e .
* T h e  e ffec t  of v a r y i n g  th e  qua l i ty  and q uan t i ty  of  c o a l  and s t e a m  
inpu ts .
* E s t a b l i s h m e n t  of  o p t im a l  w o rk in g  r u l e s  f o r  th e  f a c to r y .
* E l im in a t io n  of p r o d u c t io n  " b o t t l e n e c k s " .
* D e t e r m in a t i o n  of  a r e a l i s t i c  i n c r e m e n t a l  c o s t  of  p r o d u c t io n .
* T he  s e n s i t i v i t y  of the  VII i n t e r f a c e  with  th e  m o d e l .
* Shor t  t e r m  s a l e s  s t r a t e g y  b a s e d  on i n c r e m e n t a l  c o s t s .
* C o s t  r e l a t i o n s h i p  b e tw e e n  p r o d u c t  q ua l i ty  and  s a l e s .
*. A r e a s  fo r  i n t e n s iv e  s a l e s  p r o m o t i o n .
6 . 2  S t r a t e g i c  P la n n in g
In the  lo ng  t e r m  th e  m o d e l  q u a n t i f i e s  th e  r o l e  of th e  b r i q u e t t e  
in d u s t r y  in  t e r m s  of p r e s e n t  w o r th .  T he  v i a b i l i t y  of the  i n d u s t r y  c a n  be 
b ro u g h t  u n d e r  i n t e n s e  s c r u t i n y  m e r e l y  by a p p ly in g  s e n s i t i v i t y  a n a l y s e s  to 
c r i t i c a l  f a c t o r s .  Such s t u d i e s  inc lude :
. * E v a lu a t i o n  of  c o n s u m e r  t r e n d s .
* T h e  e f fec t  of  v a r i o u s  p r i c i n g  s t r a t e g i e s .
* D e s i r a b i l i t y  of  c a p i t a l  i n v e s t m e n t s .
* New m a r k e t  p e n e t r a t i o n .
* C o m p e t i t i v e  a c t iv i t y .
* V a r i a t i o n s  in c o s t  s t r u c t u r e .
* P r o d u c t  d e v e lo p m e n t .
* V a r i a t i o n  of p e r s o n n e l  n u m b e r s .
T h e  m o d e l  p r o v i d e s  m a n a g e m e n t  with  a too l  th a t  c an  e v a lua te  
any s e t  of  inpu t  c o n d i t io n s .  It g iv e s  m a n a g e m e n t  a q u a n t i t a t i v e  b a s e  for 
d e c i s io n  m a k in g .
7. A C K N O W L E D G E M E N T S
T h e  a u t h o r s  a r e  in d e b te d  to the  S ta te  E l e c t r i c i t y  C o m m i s s i o n  
of V i c t o r i a  fo r  p e r m i s s i o n  to p u b l i s h  th e  i n f o r m a t i o n  c o n ta in e d  in th i s  
p a p e r .  In p a r t i c u l a r  th ey  w is h  to e x p r e s s  t h e i r  a p p r e c i a t i o n  to 
M r .  V. D. F r i e n d ,  M a n a g e r ,  B r i q u e t t e  S a le s  B r a n c h ,  and M r .  G .G .  Lake, 
P r o d u c t i o n  P l a n n i n g  E n g i n e e r ,  fo r  t h e i r  a s s i s t a n c e  and  con t inued  suppor t .
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SCHEDULING T R U C K  F L E E T  O P E R A T IO N S
W. D. S C O T T  & CO. P T C  LTD.
B y  R. J .  M e e c h  
C o n s u l t a n t  w i th  W. D. Sco t t  & Co.  P t y .  L td .
M ore  and  m o r e  o r g a n i s a t i o n s  a r e  d i s c o v e r i n g  t h a t  th e  b e s t  u s e  
fo r  a c o m p u t e r  i s  in  the  a r e a s  of s t r a t e g i c  p l a n n in g  r a t h e r  than  
a t t e m p t in g  to r e d u c e  s t a f f  by the  c o m p u t e r i s a t i o n  of r e l a t i v e l y  
m u n d a n e  p r o c e s s e s .  T h e  a t t e m p t s  to r e d u c e  c o s t s  by  u s in g  the 
c o m p u t e r  a s  a " s u p e r - c l e r k "  o f ten  h a v e  the r e v e r s e  e ffec t  
r e p l a c i n g  r e l a t i v e l y  u n s k i l l e d  p e r s o n n e l  with  e x p e n s i v e  c o m p u t e r  
s c i e n t i s t s .
T h i s  s i t u a t i o n  a l s o  r e d u c e s  the  o r g a n i s a t i o n ' s  f l e x ib i l i t y ,  bo th  in 
the  d a y - t o - d a y  r u n n i n g  of th e  c o m p a n y  and  in m a k i n g  c h a n g e s  
su ch  a s  the  in t r o d u c t i o n  of new p r o d u c t s  a n d  a m e n d m e n t s  to 
p r i c i n g  s t r a t e g i e s .
On the  o t h e r  hand  t h e r e  a r e  a n  i n c r e a s e d  n u m b e r  of  s u c c e s s f u l  
c o m p u t e r  a p p l i c a t i o n s  in  s u c h  a r e a s  a s
T r a n s p o r t  p l a n n in g  - w h e r e  the  s a v in g s  a c c r u e  f r o m  
r e d u c e d  v e h ic l e  m i l e a g e ,  r e s u l t i n g  in l o w e r  fue l  
b i l l s  e t c .  a nd  h i g h e r  u t i l i s a t i o n  of the  e x i s t i n g  v e h i c l e s .
P r o d u c t i o n  c o n t r o l  - w h e r e  m a c h i n e r y  r e d u n d a n c e s  
and  o v e r t i m e  p a y m e n t s  a r e  r e d u c e d .
I n v e n to r y  m a n a g e m e n t  - w h e r e  r e d u c e d  s t o c k s  c a n  
r e s u l t  in  r e d u c e d  c a p i t a l  m a i n t e n a n c e  a nd  w a r e h o u s i n g  
c o s t s .
W. D. S C O T T  & CO. P T Y  LTD.
P l a n n i n g  - w h ich  in v o lv e s  f o r e c a s t i n g  on  a s h o r t ­
t e r m  b a s i s .  F o r  e x a m p l e ,  q u a r t e r l y  s a l e s  f o r e c a s t s  
and ,  on  a lo n g  t e r m  b a s i s ,  t e c h n i c a l  f o r e c a s t i n g  and  
a n n u a l  m a r k e t  g r o w th  r a t e s .  B o th  a r e a s  c a n  d i r e c t  
th e  c o m p a n y ' s  o p e r a t i o n s  in to  m o r e  p r o f i t a b l e  m a r k e t s .
I t  i s  t r u e  s u c h  t y p e s  of c o m p u t e r  u s a g e  r e q u i r e  s k i l l e d  p e r s o n n e l  
and  a r e  e x p e n s i v e .  H o w e v e r ,  t h e s e  a p p l i c a t i o n s  of c o m p u t e r  m e th o d s  
c a n  b e  i n v e s t i g a t e d  r e a s o n a b l y  t h o r o u g h l y  b e f o r e  i m p l e m e n t a t i o n .
T h i s  c a n  b e  done  by  a p p ly in g  th e  m e t h o d o l o g y  to a  r e p r e s e n t a t i v e  
s a m p l e  o r  s e c t i o n  of th e  o p e r a t i o n s  w h ich  c a n  o f ten  be a c h i e v e d  by 
u s i n g  c u r r e n t  o r  h i s t o r i c a l  d a t a .
T h i s  p a p e r  d i s c u s s e s  a n  a p p l i c a t i o n  of c o m p u t e r s  to t r a n s p o r t  p l ann ing  
and  p a r t i c u l a r l y  the  s c h e d u l i n g  of  t r u c k  f l e e t  o p e r a t i o n s .  T h i s  a s p e c t  
of t r a n s p o r t  p l a n n in g  h a s  b e e n  i n v e s t i g a t e d  f o r  m a n y  y e a r s  r e s u l t i n g  
in th e  d e v e l o p m e n t  of  c o m p u t e r  t e c h n iq u e s  w h ich  a r e  r e a d i l y  a v a i l a b le  
to  a n y  o r g a n i s a t i o n  in  the f o r m  of s o f t w a r e  p a c k a g e s  f o r  g e n e r a t i n g  
v e h i c l e  s c h e d u l e s .  T h e  p r i n c i p a l  b e n e f i t s  f r o m  u s i n g  th e  p a c k a g e s  
in c lu d e  : -
r e d u c e d  f l e e t  m i l e a g e
r e d u c e d  w o r k  t i m e  and  wage  b i l l s
h i g h e r  u t i l i s a t i o n  of v e h i c l e s
i m p r o v e d  c u s t o m e r  s e r v i c e
m o r e  d e t a i l e d  and  a c c u r a t e  f l e e t  c o n t r o l  d a ta
A ty p i c a l  e x a m p l e  of  p o s s i b l e  s a v in g s  c a n  b e  d e m o n s t r a t e d  by  c o ns ide r ing  
a  f l e e t  of 10 v e h i c l e s  b e in g  u s e d  in c o u n t r y  a r e a s  in  A u s t r a l i a .  E a c h  
v e h ic l e  m ig h t  c o v e r  1 0 0 , 000  m i l e s  e a c h  y e a r  a t  a  v a r i a b l e  r u n n i n g  c o s t  
of 30 c e n t s  p e r  m i l e .  T h e  t o t a l  c o s t  f o r  the  10 v e h i c l e s  would be  of 
the  o r d e r  of $300, 000 a  y e a r .  T h e  u s e  of v e h i c l e  s c h e d u l in g  by 
c o m p u t e r  c o u ld  r e d u c e  th e  m i l e a g e  by  5 to 10% w h ich  would r e s u l t  in a 
c o s t  s a v in g  of $15, 000 - $30, 000 a y e a r .  T h i s  r e d u c t i o n  in m i l e a g e  
cou ld  a l s o  l e a d  to a r e d u c t i o n  in o v e r t i m e  of b e t w e e n  2 \  to 5%.
25.
W D. S C O T T  & CO. P T T  LTD.
More s y s t e m a t i c  s c h e d u l i n g  of v e h ic l e  f l e e t s  w h e t h e r  by  c o m p u t e r  
or  m anu a l  m e a n s  w i l l  u s u a l l y  r e d u c e  t r a n s p o r t a t i o n  c o s t s ,  p r o v id e  
contro l  da ta ,  bu t  of  e v e r  g r e a t e r  i m p o r t a n c e  w i l l  p ro v id e  m a n a g e m e n t  
with a f lex ib le  p l a n n in g  m o d e l  of t h e i r  t r u c k  f l e e t  o p e r a t i o n s .
When Can C o m p u t e r s  be  U s e d  f o r  T r u c k  S c h ed u l in g
T h e re  a r e  f o u r  b a s i c  c o n d i t i o n s ,  a l l  of w h ich  sh o u ld  be  s a t i s f i e d  
before  a t t e m p t i n g  to u t i l i s e  c o m p u t e r  v e h i c l e  s c h e d u l in g .  T h e y  a r e  
a s  fo l lows : -
1. T he  d i s t r i b u t i o n  s y s t e m  shou ld  c o n s i s t  of a c e n t r a l  
depo t  s e r v i c i n g  a t  l e a s t  one  h u n d r e d  d e l i v e r y  p o in t s .
2. A l l  v e h i c l e s  in  the  f l e e t  shou ld  r e t u r n  to the  depo t  
a f t e r  t h ey  h a v e  m a d e  t h e i r  f in a l  c a l l .
3. The  f l e e t  sh ou ld  c o n ta in  m o r e  th a n  f ive  v e h i c l e s .
4. T h e  a v e r a g e  d e l i v e r y  (o r  c o l l ec t io n )  sh o u ld  be  l e s s  
th a n  the  v e h i c l e  c a p a c i t y .
In fac t  the  e x p e c t e d  s a v in g s  f r o m  c o m p u t e r  v e h i c l e  s c h e d u l in g  c a n  be 
expected  to i n c r e a s e  a s  the  a v e r a g e  n u m b e r  of d r o p s  p e r  t r i p  i n c r e a s e s .
A typ ica l  e x a m p l e  of  a d i s t r i b u t i o n  p a t t e r n  th a t  would  b e ne f i t  f r o m  v e h ic le  
schedul ing i s  p e t r o l  t a n k e r s  th a t  lo ad  a t  a p a r t i c u l a r  r e f i n e r y  and  
de liver  a n u m b e r  of g r a d e s  of  fue l  to s e r v i c e  s t a t i o n s  r e t u r n i n g  to the  
re f in e ry  a f t e r  th e  f in a l  c a l l  h a s  b e e n  m a d e .
Methods of G e n e r a t i n g  C u r r e n t  T r u c k  S c h e d u le s
The re  a r e  two f u n d a m e n t a l  m e t h o d s  of o r g a n i s i n g  s c h e d u l e s .  T h e s e  
depend on the  a v a i l a b i l i t y  of a c o m p u t e r  and the  v a r i a b i l i t y  of d e m a n d .
Both m e thods  c a n  p r o v i d e  e x t r e m e l y  u s e f u l  p l a n n in g  d a ta .  T h e  two 
methods a r e  : -
1. R a n d o m  o r d e r s  -- t h i s  s y s t e m  i s  u s e d  in an
o r g a n i s a t i o n  w h e r e  o r d e r s  a r e  r e c e i v e d  d u r in g  
the day,  lo a d e d  a t  n igh t ,  and d e l i v e r e d  the  n e x t
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da y .  In t h i s  c a s e  a  new  s e t  of s c h e d u l e s  i s  
g e n e r a t e d  a t  the  end of e a c h  day  so t h a t  the  
o p t i m u m  u s e  c a n  be m a d e  of the  a v a i l a b l e  
v e h i c l e s .  T h e  s a m e  s y s t e m  m a y  be  u s e d  
o v e r  a  t i m e  s c a l e  of a w eek  when  new  s c h e d u l e s  
a r e  g e n e r a t e d  e a c h  w eek e n d .  T h i s  ty pe  of 
s y s t e m  r e a l l y  r e q u i r e s  i m m e d i a t e  a c c e s s  to 
a  c o m p u t e r .  P r o b a b l y  th e  on ly  s o lu t i o n  i s  to 
h a v e  a  m a c h i n e  i n - h o u s e  w ith  b a c k - u p  f r o m  
e i t h e r  a n o t h e r  i n - h o u s e  c o m p u t e r  o r  f r o m  a 
b u r e a u .  T h i s  m e th o d  of a p p l i c a t i o n  i s  
p a r t i c u l a r l y  u s e f u l  when the  d e m a n d  p a t t e r n  
f l u c t u a t e s  r a p i d l y .
2. F o r e c a s t e d  o r d e r s  - a s y s t e m  u s e d  in  a c o m p a n y
h a v in g  a r e a s o n a b l y  s e t t l e d  p a t t e r n  of d e l i v e r i e s  
w hen  th e  c o m p u t e r  g e n e r a t e s  s c h e d u l e s  on  a 
m o n th ly  o r  even  a q u a r t e r l y  b a s i s .  A f o r e c a s t  
i s  m a d e  of c u s t o m e r s '  r e q u i r e m e n t s  f o r  the  
c o m i n g  q u a r t e r  and  t h e s e  d e l i v e r y  q u a n t i t i e s  
a r e  u s e d  to g e n e r a t e  a s e t  of s c h e d u l e s  o r  t i m e  
t a b l e s  to  be  u s e d  d u r i n g  the  f o r t h c o m i n g  p e r i o d .
N ew  s c h e d u l e s  m a y  be  g e n e r a t e d  f o r  a n u m b e r  
of r e a s o n s ,  f o r  e x a m p l e  : -
• . C h a n g e s  in d e m a n d  due to c l i m a t i c  
c o n d i t io n s  o r  h o l id a y  p e r i o d s .
C h a n g e s  in th e  n u m b e r  of c u s t o m e r s .
C h a n g e s  in  th e  v e h i c l e s  a v a i l a b l e .
C h a n g e s  in th e  r o a d  n e tw o r k .
T h i s  ty pe  of v e h i c l e  s c h e d u l in g  c a n  be  s a t i s f a c t o r i l y  
c a r r i e d  out  by a  c o m p u t e r  b u r e a u  and  i s  t h e r e f o r e  
a v a i l a b l e  to a l m o s t  a ny  c o m p a n y .
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Vehicle S c h ed u l in g  i s  E f f e c t i v e  in B o th  U r b a n  and  R u r a l  A r e a s
Vehicle  s c h e d u l e s  g e n e r a t e d  by  c o m p u t e r  h a v e  b e e n  u s e d  in  both  
urban  and c o u n t r y  a r e a s .  S c h e d u le s  f o r  u r b a n  a r e a s  h a v e  b e e n  
developed in M e lb o u r n e  b y  a  l a r g e  o i l  c o m p a n y ,  and  in  W e s t e r n  
A u s t r a l i a  th ey  ha v e  b e e n  g e n e r a t e d  f o r  u s e  in r u r a l  d i s t r i c t s ,  
e n c o m p a s s in g  the  whole  of the  s o u t h e r n  ha l f  of th e  S ta te .
O ver  the  l a s t  f ive  y e a r s  c o m p u t e r  g e n e r a t e d  v e h i c l e  s c h e d u l e s  
fo r  t r u c k s ,  a i r c r a f t ,  b a r g e s ,  s h ip s  ( t a n k e r s  a nd  w a r  s u p p ly  sh ips )  
and t r a i n s ,  h a v e  b e e n  u s e d  to d i s t r i b u t e  o r  c o l l e c t  s t e e l ,  c r u d e  oil ,  
g r o c e r i e s ,  b e e r ,  L. P .  g a s ,  p e t r o l ,  h e a t i n g  o i l ,  v a r i o u s  t y p e s  of 
o re  and  p e o p le  e . g .  c o u r i e r s ,  s o l d i e r s  a nd  a i r  c r e w s .
The fo l low ing  i s  a l i s t  of e x a m p l e s
G r o c e r i e s  to s u p e r m a r k e t s  ( th i s  w a s  the  
e a r l i e s t  u s e  of c o m p u t e r  v e h ic l e  sch e d u l in g )
D e l i v e r y  of h o m e  h e a t i n g  o i l
C o l l e c t i o n  of c h e q u e s  f r o m  b r a n c h  b a n k s
S e r v i c i n g  of  b o t t l e d  gas  i n s t a l l a t i o n s
C o l l e c t i o n  of c h i l d r e n  by  sc h o o l  b u s
H o u s e  c a l l s  by  d o c t o r s
F o r k l i f t  t r u c k s  w i th in  a w a r e h o u s e
D i s t r i b u t i o n  of p a y  f r o m  th e  h e a d  o f f ice  of a 
c o m p a n y  to i t s  b r a n c h  o f f i c e s
M obile  c a n t e e n s  to c o n s t r u c t i o n  s i t e s
T he  T h e o r y  of C o m p u t e r  P a c k a g e s
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A n u m b e r  of d i f f e r e n t  s o lu t i o n s  h a v e  b e e n  f o r m u l a t e d  f o r  v a r i o u s  
ty p es  of s c h e d u l in g  p r o b l e m s .  T h e  s o lu t i o n s  h a v e  e m p lo y e d  su c h  
t e c h n iq u e s  a s  l i n e a r ,  i n t e g e r  and  d y n a m ic  p r o g r a m m i n g ,  b r a n c h  
and bound,  c o m b i n a t i o n a l  p r o g r a m m i n g  and  h e u r i s t i c  a l g o r i t h m s .  
M o s t  of t h e s e  m e t h o d s  g u a r a n t e e  a n  o p t i m u m  so lu t i o n ,  h o w e v e r  
m a n y  of t h e m  a r e  l i m i t e d  to p a r t i c u l a r  s i t u a t i o n s  a nd  in m a n y  c a s e s  
ca n  only  a c c o m m o d a t e  p r o b l e m s  of l i m i t e d  s i z e .
A l e s s  r i g o r o u s  a l g o r i t h m  h a s  b e e n  d e v e lo p e d  by  C l a r k  & W r i g h t ^  
which i s  r e a d i l y  a d a p t a b l e  to c o m p u t e r  m e t h o d s .  I t a l s o  p e r m i t s  
the  i n c l u s io n  of m a n y  of th e  r e f i n e m e n t s ,  s u c h  a s  a s s i g n i n g  
p a r t i c u l a r  v e h i c l e s  to  p a r t i c u l a r  c u s t o m e r s ,  r e q u i r e d  to g e n e r a t e  
p r a c t i c a l  s c h e d u l e s .
T h i s  a l g o r i t h m  and  a d a p t a t i o n s  of i t  a r e  the  b a s i s  f o r  a l l  the veh ic ]e  
s c h e d u l in g  c o m p u t e r  s o f t w a r e  p a c k a g e s  c o m m e r c i a l l y  a v a i l a b l e  in 
A u s t r a l i a .
When c o n s i d e r i n g  t r u c k  d i s t r i b u t i o n  p r o b l e m s ,  t h r e e  b a s i c  s e t s  of 
d a ta  a r e  r e q u i r e d
1. T h e  n e tw o r k  of  r o a d s  c o n n e c t in g  a l l  p o s s i b l e  
d e l i v e r y  p o i n t s  a nd  the  depo t .
2. V e h i c l e s  a v a i l a b l e  to m a k e  th e  d e l i v e r i e s .
3. T h e  s e t  of d e l i v e r i e s  to be  s a t i s f i e d .
T h e  g e n e r a t i o n  of  v e h i c l e  s c h e d u l e s  i s  t h e o r e t i c a l l y  a s i x - s t e p  
p r o c e s s  a s  fo l low s
1. D ef ine  th e  d e p o t  and  the  p o s s i b l e  d e l i v e r y
p o in t s  i n c lu d in g  the  s p e c i f i c a t i o n  of the  
d i s t a n c e s  b e tw e e n  e a c h  p a i r  of  p o in t s  w i th in  
th e  n e tw o r k .
W. D. S C O T T  & CO. PT Y  LTD.
2 . S e l e c t  e a c h  p a i r  of d e l i v e r y  p o in t s  in  t u r n  a nd  
" t h e  s a v i n g s "  a r e  c a l c u l a t e d  f o r  e a c h  p a i r .
T h e  " s a v i n g s "  a r e  de f ined  a s  the  s a v in g s  in t i m e  
o r  d i s t a n c e  b e tw e e n  d e l i v e r i n g  to two c u s t o m e r s  
in d e p e n d e n t ly ,  i.  e. a t o t a l  d i s t a n c e  of  2a  + 2b 
( s e e  F i g u r e  1), c o m p a r e d  w ith  m a k i n g  a r o u n d  
t r i p  to two c u s t o m e r s ,  a t o t a l  of a + c + b .  T he  
" s a v i n g s "  a r e  de f ined  a s  the  d i f f e r e n c e  b e tw e e n  
the  two j o u r n e y s ,  n a m e l y  2a + 2b - (a + b + c) 
g iv ing  a  s a v in g s  of a  + b - c.
3. S o r t  th e  l i s t  of s a v i n g s  into d e s c e n d i n g  o r d e r  of 
i m p o r t a n c e ;  th i s  l i s t  o r  f i l e  of s a v i n g s  r e m a i n s  
c o n s t a n t  t h ro u g h o u t  the  s c h e d u l in g  o p e r a t i o n ,  and  
i s  o n ly  r e a d j u s t e d  f o r  the i n c l u s io n  of  n ew  
d i s t r i b u t i o n  p o in t s  o r  the i n c l u s io n  of new  r o u t e s .  
T h i s  p r o c e s s  of d e v e lo p in g  the  s a v in g s  f i le  i s  
u s u a l l y  r e f e r r e d  to a s  " N e t w o r k  A n a l y s i s " .
4. Def ine  th e  v e h i c l e s  to be u s e d  in  th e  s c h e d u l e s  - 
th e  c a p a c i t y  of e a c h  v e h ic l e  a v a i l a b l e  m u s t  be  
d e f in e d  t o g e t h e r  with  su c h  p a r a m e t e r s  a s  the 
l e n g th  of the  w o r k i n g  day  of e a c h  v e h i c l e  and  i t s  
a v e r a g e  s p e e d .
5. D ef ine  the  d e l i v e r i e s  to be  m a d e  in t e r m s  of w h e r e  
th ey  go, how m u c h  i s  to be  d e l i v e r e d  and  a n y  d a ta  
c o n c e r n i n g  r e s t r i c t i o n s  abou t  d e l i v e r i e s  s u c h  a s  
the  t i m e s  w hen  the c u s t o m e r s  p r e m i s e s  m a y  be 
c l o s e d  o r  unab le  to r e c e i v e  d e l i v e r i e s .
6 . S e l e c t  th e  f i r s t  p a i r  of d e l i v e r i e s  t h a t  a p p e a r  on  
th e  s a v in g s  f i l e ,  h e n c e  a c h i e v in g  the  m a x i m u m  
t i m e  o r  d i s t a n c e  r e d u c t i o n ,  ( C o m p u t e r  p a c k a g e s  
u s e  the  r e d u c t i o n  in t i m e  when c a l c u l a t i n g  the 
s a v i n g s ) .  T h i s  p a i r  of d e l i v e r i e s  sh o u ld  be  a l l o c a t e d  
to the  l a r g e s t  v e h i c l e s  which  n o r m a l l y  go on  the  
lo n g e s t  r o u t e s .  T he  n e x t  p a i r  of l i n k e d  d e l i v e r i e s  
sh o u ld  be  s e l e c t e d  f r o m  th e  s a v in g s  f i l e .
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D E M O N S T R A T IO N S  O F  SAV ING S
---------  R ound  T r i p  R ou te
---------- R o u te  U s e d  to D i s t r i b u t e  to
C u s t o m e r s  A & B s e p a r a t e l y
S av in g s  = (2a  + 2b) - (a + b + c) 
= a  + b - c
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T h e s e  s h o u ld  a l s o  be  a l l o c a t e d  to the  f i r s t  v e h ic l e  
a s s u m i n g  t h a t  t h e r e  i s  s u f f i c i e n t  c a p a c i t y  to co n ta in  
th e  lo a d .  T h i s  p r o c e d u r e  sh o u ld  c o n t in u e  u n t i l  the  
f i r s t  v e h i c l e  i s  f u l ly  lo ad e d  a nd  so on.
T h e  p r o c e d u r e  i s  c o m p l e t e d  w hen  e i t h e r  a l l  the 
o r d e r s  h a v e  b e e n  s a t i s f i e d  o r  a l l  th e  v e h i c l e  c a p a c i t y  
u t i l i s e d ;  if  t h e r e  a r e  any  o u t s t a n d i n g  o r d e r s  a t  th i s  
s t a g e  th e y  w il l  n o r m a l l y  be  l i s t e d  in s o m e  w ay  so 
th a t  an  i n d ic a t io n  of f u r t h e r  v e h i c l e  r e q u i r e m e n t s  c a n  
be  m a d e .  T h i s  p r o c e d u r e  i s  n o r m a l l y  r e f e r r e d  to a s  
th e  " S c h e d u l e  P r o d u c t i o n " .
The c o m m e r c i a l l y  a v a i l a b l e  v e h ic l e  s c h e d u l in g  p a c k a g e s  a l l  u s e  th i s  
two s t e p  p r o c e s s  of g e n e r a t i n g  a n e t w o r k  w h ich  i s  a v a i l a b l e  f o r  a 
n u m b e r  of d i f f e r e n t  s c h e d u l e s ,  and the  s e c o n d  s t a g e  i s  the g e n e r a t i o n  
of schedid .es l i s t i n g  w h ich  d e l i v e r i e s  sh ou ld  be  c a r r i e d  out by  which 
veh ic le ,  and the  o r d e r  in  w h ich  the  v e h i c l e  sh o u ld  m a k e  i t s  p a r t i c u l a r  
d e l i v e r i e s .
T h e r e  a r e  T h r e e  C o m m e r c i a l l y  A v a i l a b l e  C o m p u t e r  V e h ic le  
Schedul ing  P a c k a g e s
Two of t h e s e  p a c k a g e s  a r e  m a r k e t e d  by  ICL and  the  t h i r d  by 
IBM. T h e  f i r s t  e n t i t l e d  " V e h ic l e  S c h e d u l in g  ( t a p e / d i s c )  M a r k  3",  
which i s  the  r e s u l t  of s o m e  y e a r s  of d e v e l o p m e n t  by IC L .  T he  s e c o n d  
entit led " V e h ic l e  R o u t in g  and F l e e t  P l a n n i n g "  w as  d e v e lo p e d  by E n g l i s h  
E l e c t r i c - L e o - M a r c o n i  a nd  s u b s e q u e n t l y  i n c o r p o r a t e d  w i th in  ICL  to be 
used on S y s t e m  4. T h i s  p a c k a g e  h a s  no t  ha d  f u r t h e r  d e v e lo p m e n t s .
The th i r d  p a c k a g e  e n t i t l e d  " V e h ic l e  S c h e d u l in g  P r o g r a m 1' (V. S. P .  ) 
was o r ig i n a l l y  d e v e lo p e d  f o r  the 70 94 by  IBM a nd  h a s  b e e n  upda ted  
to run  on S y s t e m  360 a nd  f u r t h e r  u p d a t e d  d u r i n g  197 0, the  new upda te  
entit led " V S P X " .
Deta il s of t h e s e  t h r e e  p a c k a g e s  a r e  g iven  in  th e  A ppend ix .
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F l e e t  P l a n n i n g
T h e  b e n e f i t s  f r o m  e s t a b l i s h i n g  a m o d e l  of a n  o r g a n i s a t i o n ' s  t r u c k  
f l e e t  o p e r a t i o n s  a r e  v e r y  o f ten  twofo ld .  F i r s t l y ,  a s  no ted  e a r l i e r ,  
the  u s e  of s c h e d u l in g  p r o c e d u r e s  c a n  r e d u c e  th e  d a y - t o - d a y  o p e r a t i n g  
c o s t s  by  5 to 10%. H o w e v e r ,  p r o b a b l y  th e  m o r e  i m p o r t a n t  b e n e f i t s  
a r e  a c h i e v e d  by u t i l i s i n g  th e  a l r e a d y  e s t a b l i s h e d  s c h e d u l in g  d e v ic e  
to a s s i s t  in the  p r o b l e m s  of s t r a t e g i c  f l e e t  p l a n n in g .  In f a c t  in s o m e  
c a s e s  i t  c a n  p r o v e  w o r th w h i l e  to e s t a b l i s h  a m o d e l  of the  f l e e t  
o p e r a t i o n s  by  m e a n s  of a  c o m p u t e r i s e d  v e h i c l e  s c h e d u l i n g  p a c k a g e  
s o l e l y  f o r  p l a n n in g  p u r p o s e s .
T h i s  type  of m o d e l  a l lo w s  f o r  a n u m b e r  of a s p e c t s  to be  e v a lu a te d ,  
the  fo l low ing  a r e  d i s c u s s e d  in  t h i s  p a p e r .
T h e  s e l e c t i o n  of the  lo c a t i o n  of new d e p o t s
T h e  s e l e c t i o n  of r e p l a c e m e n t  v e h ic l e  t y p e s
T h e  e s t a b l i s h m e n t  of e c o n o m i c  d e l i v e r y
f r e q u e n c i e s
How to S e l e c t  D epo t  L o c a t i o n s
One  of th e  m o s t  i m p o r t a n t  d e c i s i o n s  a f f e c t i n g  a  v e h i c l e  f l e e t  is  the 
p o s i t i o n  o r  l o c a t i o n  of the  depo t  o r  d e p o t s .  In m a n y  c o m p a n i e s  
t h e s e  a r e  a l r e a d y  e s t a b l i s h e d  and  would  be  e x t r e m e l y  d i f f icu l t  to 
m o v e ,  e s p e c i a l l y  when  d e p o t s  a r e  a s s o c i a t e d  with  p r o d u c t i o n  
f a c i l i t i e s .  H o w e v e r ,  e x p a n s i o n  o r  d e c e n t r a l i s a t i o n  c a n  p r o v i d e  the 
n e e d  to r e - e s t a b l i s h  an  e x i s t i n g  d e l i v e r y  d e p o t  o r  e s t a b l i s h  a new 
one ,  and  the  p e n a l t i e s  f o r  m i s p l a c e m e n t  c a n  be  c o n s i d e r a b l e .  I t 
m u s t  be  r e a l i s e d  th a t  th e  s e l e c t i o n  of a  d e p o t  s i t e  i s  b a s e d  on m a n y  
v a r i a b l e s  in c lu d in g  s u c h  f a c t o r s  a s  the a v a i l a b i l i t y  of s u i t a b l e  land  
and a v a i l a b i l i t y  of l a b o u r .  H o w e v e r ,  a good s t a r t i n g  po in t  c a n  be  
e s t a b l i s h e d  by  f ind ing  t h a t  l o c a t io n  o r  d i s t r i c t  w h ich  would  m i n i m i s e  
the  d i s t r i b u t i o n  c o s t s  in  the c o m i n g  y e a r s .
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This conf idence  in th e  lo c a t i o n  d e c i s i o n  i s  a c h i e v e d  with  th e  h e lp  
of m a r k e t  and t e c h n i c a l  r e s e a r c h .  It i s  p o s s i b l e  to de f ine  the  
typical  d e l i v e r y  q u a n t i t i e s  t h a t  m ig h t  be  e x p e c t e d  in the  c o m i n g  
y e a r s  and f r o m  a n  a n a l y s i s  of  the  g e o g r a p h i c a l  d i s t r i b u t i o n  of  
c u s to m e r s  i t  i s  p o s s i b l e  to e s t a b l i s h  a r e a s o n a b l y  a c c e p t a b l e  f u t u r e  
d is t r ib u t io n  p a t t e r n .
The next s t e p  i s  to s e l e c t  a depo t  s i t e  w h ich  f r o m  a g e n e r a l  
c o n s id e ra t io n  would a p p e a r  to b e  a r e a s o n a b l e  lo c a t io n .  T h e n  
se lec t  a f l e e t  of v e h i c l e s ,  e i t h e r  the p r e s e n t  f l e e t  o r  th e  e x p e c t e d  
f leet  in the  n e a r  f u t u r e  and  g e n e r a t e  the  s c h e d u l e s  of d e l i v e r i e s  to 
the p re d e f in e d  c u s t o m e r s  w i th  the s e l e c t e d  f l e e t .  T h e s e  s c h e d u l e s  
a r e  then  c o s t e d  in  t e r m s  of the e x p e c t e d  l a b o u r  r a t e s  and  v e h ic l e  
m i leage  c o s t s ,  h e n c e  e v a l u a t i n g  th e  c o s t s  a s s o c i a t e d  with  the 
p a r t i c u l a r  l o c a t io n .  T h e  depo t  is  th e n  " m o v e d "  to a n o t h e r  s u i t a b l e  
loca t ion  and  the  p r o c e d u r e  r e p e a t e d  a nd  the  c o s t s  c o m p a r e d  wi th  the 
o r ig ina l  c o s t .  T h i s  p r o c e d u r e  c a n  be  c a r r i e d  on  fo r  a n u m b e r  o f  
d i f fe ren t  l o c a t i o n s  ( the u s e  of a c o m p u t e r  p r o g r a m m e  w i l l  f a c i l i t a t e  
the ca lcu la t io n )  and  c o n t o u r s  of eq u a l  c o s t  c a n  be  p lo t t e d  on  a m a p .
This  m a p  p r o v i d e s  m a n a g e m e n t  with v e r y  u s e f u l  i n f o r m a t i o n  when 
c o m p a r in g  the  p r o s  and c o n s  a s s o c i a t e d  w i th  d i f f e r e n t  p o s s i b l e  
depot lo c a t io n s .
Th is  method of depo t  s e l e c t i o n  can  b e  f u r t h e r  s e n s i t i z e d  by  r e v i e w in g  
the effects of c h a n g e s  in  d e m a n d  p a t t e r n s  and  p o s s i b l e  c u s t o m e r  
locations .  It c a n  a l s o  b e  u s e d  to d e t e r m i n e  th e  d e m a n d  p a t t e r n  th a t  
would jus t i fy  the e s t a b l i s h m e n t  of a new depo t  in,  f o r  i n s t a n c e ,  the 
outer su b u rb s  of a l a r g e  u r b a n  c e n t r e .  T he  new depo t  m a y  be  su p p l i e d  
by the p r i m a r y  p r o d u c t i o n  po in t  by s o m e  f o r m  of bu lk  s h u t t l e  s e r v i c e  
and a new f l e e t  e s t a b l i s h e d  a t  th i s  depo t  o r  a n ew  p r o d u c t i o n  p lan t  
es tabli shed.  In e i t h e r  c a s e  a  v e r y  s i m i l a r  a p p r o a c h  c a n  be  a d o p ted  
to a s s i s t  in the s t r a t e g i c  p lann ing .
How to Decide  on F l e e t  C o m p o s i t i o n
All fleet  m a n a g e r s  ha v e  the  p r o b l e m  of s e l e c t i n g  th e  m o s t  s u i t a b l e  
vehicle types  and the m o s t  e c o n o m i c  t i m e t a b l e  of a c q u i s i t i o n .  New 
vehicles a r e  r e q u i r e d  b e c a u s e  of r e p l a c e m e n t  o r  b e c a u s e  of i n c r e a s i n g  
demands.
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N o r m a l l y  t h e r e  i s  n o t  a n  in f in i t e  s e l e c t i o n  of s u i t a b l e  v e h i c l e s  
a v a i l a b le  and  the  m a n a g e m e n t  h a s  to m a k e  a d e c i s i o n  w i th in  a 
l i m i t e d  n u m b e r  of  v e h i c l e  t y p e s .  T h e y  a l s o  h a v e  the p r o b l e m  of 
s e l e c t i n g  e x p e n s i v e  d u r a b l e  v e h i c l e s  c o m p a r e d  with  c h e a p e r ,  
p o s s i b l y  l e s s  r e l i a b l e  v e h i c l e s .  T h e y  h a v e  to u s e  t h e i r  e x p e r i e n c e  
to o f f s e t  th e  c o s t s  of  m a i n t e n a n c e  a g a i n s t  th e  in i t i a l  c a p i t a l  c o s t s .  
T h i s  ty p e  of d e c i s i o n  i s  v e r y  m u c h  a q u e s t i o n  of e x p e r i e n c e  and  
know ing  th e  t e r r a i n  and  the a r e a  in  w h ich  th e  v e h i c l e s  a r e  to be  
u s e d .  H o w e v e r ,  t h e r e  i s  g r e a t  s c o p e  f o r  p l a n n in g  th e  c a p a c i t y  of 
th e  v e h ic l e  o r  v e h i c l e s  th a t  a r e  r e q u i r e d ,  w h e t h e r  th e y  shou ld  be  
c o m p a r t m e n t e d ,  and  w ha t  s o r t  of u n l o a d in g  e q u ip m e n t  m ig h t  be 
a t t a c h e d  to th e  v e h i c l e s .
If we c o n s i d e r  f o r  i n s t a n c e  the  ty pe  of  v e h i c l e  a c q u i s i t i o n  c a u s e d  
by  i n c r e a s e s  in  d e m a n d ,  i t  i s  p o s s i b l e  to g e n e r a t e  f o r e c a s t s  of 
f u t u r e  r e q u i r e m e n t s  a n d  to m a k e  s o m e  e s t i m a t e s  of the  p o s s i b l e  
lo c a t i o n s  of t h e s e  d e m a n d s  f o r  the  c o m p a n y ' s  p r o d u c t .
A v e h ic l e  s c h e d u l i n g  s o f t w a r e  p a c k a g e  c a n  be  u s e d  to s i m u l a t e  
th e  d e l i v e r y  of the  f o r e c a s t e d  d e m a n d s  a nd  the c o s t s  a s s o c i a t e d  
with  any  p a r t i c u l a r  v e h ic l e  ty pe  c a n  be  e v a l u a t e d  t o g e t h e r  with  the 
t o t a l  c o s t s  of th e  d i s t r i b u t i o n  a c t iv i t y .
It i s  t h en  p o s s i b l e  to s e l e c t  a ty pe  of v e h i c l e  t h a t  i s  thought  m ig h t  
be the  b e s t  to i n c o r p o r a t e  in  the  f l e e t  and  r e s c h e d u l e  t h e s e  s a m e  
d e l i v e r i e s  w ith  the  new v e h i c l e  o r  v e h i c l e s  in c lu d e d  in the f lee t .
T h e  r e s u l t i n g  s c h e d u l e s  c a n  th en  be  c o s t e d  and c o m p a r e d  with  the 
c o s t s  a s s o c i a t e d  with  r u n n i n g  the  e x i s t i n g  f l e e t .
Som e c o n s i d e r a t i o n s  of m a i n t a i n i n g  the s a m e  l e v e l  of c u s t o m e r  
s e r v i c e  in the  d i f f e r e n t  t y p e s  of s c h e d u l e s  m u s t  b e  b o r n e  in m in d  
th ro u g h o u t  the  e x e r c i s e .
The  n e x t  s t e p  in the  p r o c e s s  i s  to g e n e r a t e  a new  s e t  of s c h e d u l e s  
with  a new  s e l e c t i o n  of v e h i c l e s  to a u g m e n t  the  e x i s t i n g  f lee t .  T h i s  
p r o c e d u r e  c a n  th e n  be  c a r r i e d  out a s  m a n y  t i m e s  a s  r e q u i r e d  and 
the c o s t s  of th e  r e s u l t i n g  s c h e d u l e s  e v a lu a te d ;  h e n c e  d e m o n s t r a t i n g  
to m a n a g e m e n t  th e  e f f e c t s  on  the  d i s t r i b u t i o n  c o s t s  of the  v a r i o u s  
ty p e s  of v e h i c l e s .
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A p r e l im in a r y  in v e s t ig a t io n  o f ten  sh o w s  th a t  a f l e e t  wi th  th e  l a r g e s t  
types of veh ic le  p o s s ib l e  i s  one  w h ich  m i n i m i s e s  t r a n s p o r t a t i o n  
costs .
However,  th is  m a y  be  i m p r a c t i c a l  e s p e c i a l l y  if  t h e r e  a r e  a lo t  of 
de l iver ie s  in c o n g e s t e d  u r b a n  a r e a s  o r  w h e r e  i t  i s  i m p o s s i b l e  to 
de l iver  to a l l  c u s t o m e r s  with  the  l a r g e r  v e h i c l e s .  H e n c e ,  t h e r e  i s  
the p rob lem  of s e l e c t i n g  a  m ix  of v e h i c l e s  th a t  i s  s u i t a b l e  f o r  the  
p a r t i c u la r  d i s t r i b u t i o n  p a t t e r n .  T h i s  c a n  be  a c h i e v e d  by  u t i l i s i n g  
the va r ious  o p t io n s ,  p r o v i d e d  w i th in  the  c o m p u t e r  p a c k a g e s .
The r e s u l t s  of th i s  type  of  a n a l y s i s  w i l l  de pe nd  on the  f o r e c a s t s  of 
cus tom er  r e q u i r e m e n t s  and c u s t o m e r  l o c a t i o n s  a s  in  the  c a s e  of 
depot s i t ing  i t  i s  p o s s i b l e  to c a r r y  out  s e n s i t i v i t y  a n a l y s i s  and  
d e m o ns t ra te  the  e f f e c t s  on  f l e e t  c o s t s  of v a r y i n g  d e m a n d  p a t t e r n s .
This type 'of i n f o r m a t i o n  i s  v a lu a b le  bo th  in th e  d e c i s i o n  m a k i n g  
stage of s e l e c t i n g  and  p u r c h a s i n g  new  v e h i c l e s  and a l s o  in e s t a b l i s h i n g  
opera t ing  b u d g e t s .
D e t e r m i n ing  T h e  F r e q u e n c y  of D e l i v e r y
In the s i t u a t i o n  w h e r e  th e  t r a n s p o r t  o p e r a t o r  i s  d e l i v e r i n g  to 
c u s to m e r s  on  a r e g u l a r  b a s i s  c o s t s  c a n  be  r e d u c e d  by  a r e v i e w  of 
the d e l iv e ry  f r e q u e n c i e s .
If d e l iv e r ie s  a r e  m a d e  too f r e q u e n t l y  the  t r a n s p o r t  c o s t s  w i l l  be  h igh  
whereas  the c o s t s  of h o ld in g  the  p r o d u c t  a t  the  in d iv id u a l  c u s t o m e r  
or  outlet l o c a t i o n s  w i l l  b e  lo w e r  s i n c e  the  a v e r a g e  s t o c k  he ld  w i l l  
be quite s m a l l .  In f a c t  the  a v e r a g e  s t o c k  i s  e q u a l  to h a l f  th e  a v e r a g e  
consumption d u r i n g  the  p e r i o d  b e tw e e n  d e l i v e r i e s  p lu s  s o m e  d e g r e e  
of buffer s tock .
On the o th e r  hand  if d e l i v e r i e s  a r e  m a d e  v e r y  i n f r e q u e n t l y  th e  
t r a n sp o r ta t io n  c o s t s  m a y  go down d r a s t i c a l l y  bu t  th e  s t o c k s  t h a t  m u s t  
be held at  the ind iv idua l  d e l i v e r y  p o in t s  w i l l  be  i n c r e a s e d .  T h e r e  is  
obviously so m e  c o m p r o m i s e  b e tw e e n  the two e x t r e m e s  th a t  g iv e s  a 
min im um to ta l  c o s t .  I t i s  p o s s i b l e  to u s e  v e h i c l e  s c h e d u l i n g  p a c k a g e s  
to de te rm ine  the e c o n o m ic  d e l i v e r y  f r e q u e n c y  to c u s t o m e r s  in  the 
following way.
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F i r s t l y  a n  e s t i m a t e  m u s t  be  m a d e  of e a c h  c u s t o m e r ' s  u s a g e .  T h i s  
m a y  v a r y  f r o m  s e a s o n  to s e a s o n  so  th a t  i t  i s  n e c e s s a r y  to have  
d i f f e r e n t  f r e q u e n c i e s  a t  d i f f e r e n t  t i m e s  of  th e  y e a r .  T h e  s c h e d u l e s  
a r e  g e n e r a t e d  u s i n g  a  c o m p u t e r  p a c k a g e  a n d  th e n  c o s t e d  f o r  a n u m b e r  
of  v a r i o u s  f r e q u e n c i e s .
F o r  i n s t a n c e  c o s t  m a y  be  c a l c u l a t e d  on  f r e q u e n c i e s  of on e ,  two, t h r e e  
and f i n a l  f o u r  w e e k s .  T h e  a s s o c i a t e d  t r a n s p o r t a t i o n  c o s t s  c a n  th en  
be  v e r y  q u ic k ly  a nd  r e a s o n a b l y  a c c u r a t e l y  f o r e c a s t e d  u s i n g  the p a c k a g e .
A m o d e l  m u s t  t h en  be  u s e d  to  d e t e r m i n e  th e  s t o c k h o l d in g  c o s t s  
a s s o c i a t e d  wi th  e a c h  of the  f r e q u e n c i e s  and  a g r a p h  s i m i l a r  to th a t  
show n  in  F i g u r e  2 p lo t t e d  to h e lp  d e t e r m i n e  the  m i n i m u m  c o s t  
f r e q u e n c y .  A f u r t h e r  e x t e n s i o n  to t h i s  m e t h o d o l o g y  i s  to b e  a b le  to 
a c c o m m o d a t e  a  n u m b e r  of  d i f f e r e n t  f r e q u e n c i e s  w i th in  a s e t  of 
s c h e d u l e s .  T h u s  th e  c u s t o m e r s  with  g r e a t e s t  d e m a n d  o f te n  r e c e i v e  
m o r e  f r e q u e n t  d e l i v e r i e s .  On the  o t h e r  h a n d  c u s t o m e r s  o r  o u t le t  
p o in t s  w i th  s o m e w h a t  l e s s  th a n  a v e r a g e  d e m a n d  r e c e i v e  f e w e r  
d e l i v e r i e s .  T h i s  m e t h o d  d o e s  n o t  g u a r a n t e e  th e  o p t i m u m  s o lu t io n  bu t  
i s  o f ten  a v e r y  u s e f u l  w ay  of g iv ing  c o n f id e n c e  to d e c i s i o n s  and c h a n g e s  
in d i s t r i b u t i o n  m e t h o d s  and  a l l o w s  f o r  th e  d e t e r m i n a t i o n  of the  c o s t s  
of t h e s e  c h a n g e s .  T h i s  ty p e  of c o s t  i n f o r m a t i o n  c a n  be  in v a lu a b le  when  
c o m p a r i n g  v a r i o u s  l e v e l s  of c u s t o m e r  s e r v i c e  and  w hen  e v a lu a t in g  
p a r t i c u l a r  m a r k e t i n g  s t r a t e g i e s .
C o n c lu s io n s
In a s tudy  c a r r i e d  out  l a s t  y e a r  in  W e s t e r n  A u s t r a l i a  i t  w a s  shown 
th a t  s u c h  t y p e s  of v e h i c l e  f l e e t  p l a n n in g  p r o c e d u r e s  a r e  a p p l i c a b l e  in 
bo th  m e t r o p o l i t a n  and  c o u n t r y  a r e a s .  T h e r e  a r e  a  n u m b e r  of 
e x a m p l e s  of c o m p u t e r  m o d e l s  f o r  d i s t r i b u t i o n  in m e t r o p o l i t a n  a r e a s  and 
in o u t ly in g  s u b u r b s  bo th  h e r e  and  o v e r s e a s .
H o w e v e r ,  th i s  s t u d y  d e m o n s t r a t e d  the  u s e  of  t h e s e  t e c h n i q u e s  in 
p l a n n in g  d i s t r i b u t i o n  s t r a t e g i e s  in the  r u r a l  a r e a s  of A u s t r a l i a ,  w h e r e  
the  w ide ly  d i s p e r s e d  p o p u la t i o n  c e n t r e s  g e n e r a t e  un ique  p r o b l e m s .
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F IG U R E  2
DETERMINATION O F  T H E  ECONOM IC D E L I V E R Y  F R E Q U E N C Y
B a s i c  D e l i v e r y  F r e q u e n c y  in W e e k s
W  D. S C O T T  & CO. PTY. LTD.
In o r d e r  to c o n s i d e r  th e  a p p l i c a t i o n  of  t h e s e  t y p e s  of p l a n n in g  and  
o p e r a t i o n a l  c o n t r o l  m e t h o d s  i t  i s  n e c e s s a r y  t h a t  t h e r e  a r e  a t  l e a s t  
100  d e l i v e r y  p o in t s  and a f l e e t  of m o r e  th a n  5 v e h i c l e s .  A ls o  the 
r a t i o  of th e  a v e r a g e  d r o p p e d  to the  a v e r a g e  c a p a c i t y  of the  v e h ic le  
sh ou ld  b e  in  the  r a n g e  of 1 - 20 to 1 - 5 and  the  d i s t r i b u t i o n  
o p e r a t i o n  m u s t  be  of a f o r m  w h e r e  the  v e h i c l e s  r e t u r n  to th e  depo t  
a f t e r  e a c h  t r i p .  T h e s e  m e t h o d s  a r e  no t  a p p l i c a b l e  to th e  l o n g ­
d i s t a n c e  h a u l i e r  who m a y  be  p i c k i n g  up and  d e l i v e r i n g  in the  s a m e  
r o u t e .  T h i s  p r e s e n t s  a f a r  m o r e  c o m p l e x  s e t  of d e c i s i o n  r u l e s  
and  n o r m a l l y  e a c h  c a s e  m u s t  be  c o n s i d e r e d  by  a qu i te  s e p a r a t e  
m e th o d o lo g y .
T h e  b e n e f i t s  o f  p l a n n in g  s u i t a b l e  d i s t r i b u t i o n  o p e r a t i o n s  with  
c o m p u t e r  m o d e l s  c a n  be  a  r e d u c t i o n  in  c o s t  b e t w e e n  5 and  15%.
The  o t h e r  a d v a n ta g e  of  c a r r y i n g  out  th i s  ty p e  of  i n v e s t i g a t i o n  is  
th a t  m a n y  of the  h i t h e r t o  unknown v a r i a b l e s  b e c o m e  r a t i o n a l i s e d  
p r o v i d in g  a  c l e a r e r  p i c t u r e  of a n  o t h e r w i s e  c o m p l e x  p r o b l e m .
T h e  u s e  of f l e e t  p l a n n in g  m o d e l s  c a n  be  u s e d  to a d v a n t a g e  in the  two 
ty p e s  of s c h e d u l i n g  p r o c e d u r e s ,  the  f i r s t  of w h ich  i s  the  ' r a n d o m  
o r d e r '  m e t h o d  w h e r e  new s c h e d u l e s  a r e  g e n e r a t e d  e a c h  day  o r  e a c h  
w eek .  T h i s  i s  s u i t a b l e  f o r  c o m p a n i e s  th a t  h a v e  a c c e s s  to t h e i r  own 
c o m p u t e r  o r  e x t r e m e l y  good a c c e s s  to a b u r e a u  m a c h i n e ,  e s p e c i a l l y  
f o r  the  day- to-da} '-  s c h e d u l in g .
T h e  s e c o n d  m e t h o d  of u s i n g  t h e s e  f l e e t  s c h e d u l i n g  m o d e l s  i s  the 
g e n e r a t i o n  of ' f o r e c a s t e d  t i m e t a b l e s '  w h e r e  a s e t  of s c h e d u l e s  a r e  
u s e d  f o r  a n u m b e r  of c y c l e s  and  m a y  b e  in o p e r a t i o n  f o r  m o n th s  o r  
even  a y e a r  a t  a  t i m e .  New t i m e t a b l e s  a r e  on ly  g e n e r a t e d  when 
r e l a t i v e l y  l a r g e  c h a n g e s  in  the  t o t a l  s y s t e m  o c c u r .
We h a v e  sh ow n  t h r e e  a r e a s  w h e r e  f l e e t  s c h e d u l i n g  no t  on ly  p r o v i d e s  
us  w i th  a p r a c t i c a l  d a y - t o - d a y  to o l  b u t  a l s o  w i th  a s t r a t e g i c  p lann ing  
and  : -
In th e  e v a l u a t i o n  of depo t  l o c a t i o n  w h e r e  t h e r e  c a n  be  
l a r g e  c o s t s  s a v i n g s  in  e s t a b l i s h i n g  th e  d e p o t  a t  the  
r i g h t  po in t  w i th in  the  d i s t r i b u t i o n  n e t w o r k .
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In m a k i n g  lo n g  t e r m  d e c i s i o n s  on the  c o m p o s i t i o n  
of the  f l e e t .  T h e y  a l lo w  th e  m e a n s  of c o m p a r i n g  
the  c o s t s  of  u s i n g  d i f f e r e n t  t y p e s  of  v e h i c l e s ,  in 
p a r t i c u l a r  p a r t s  of the n e t w o r k  o r  d e m o n s t r a t i n g  the 
m o s t  e c o n o m i c a l  w ay  of  e x p a n d in g  the  e x i s t i n g  
f l e e t ' s  c a p a c i t y .
In d e t e r m i n i n g  th e  e c o n o m i c  f r e q u e n c y  of d e l i v e r y  
by o f f s e t t i n g  t r a n s p o r t a t i o n  c o s t s  a g a i n s t  
s to c k h o ld in g  c o s t s .  T h i s  s i t u a t i o n  h a s  b e e n  
i n v e s t i g a t e d  f o r  an  A u s t r a l i a n  c o m p a n y  w h e r e  
r e t a i l  a g e n t s  a r e  e s t a b l i s h e d  in  m o s t  of the  s m a l l  
tow ns  o u t s id e  the  m e t r o p o l i t a n  a r e a  and  s u p p l i e d  by  
bulk  v e h i c l e s .  B y  d e t e r m i n i n g  the e c o n o m i c  d e l i v e r y  
f r e q u e n c i e s  i t  w a s  p o s s i b l e  to r e d u c e  c o s t s  by  10%. ‘
The p lann ing  a s p e c t s  of c o m p u t e r  p a c k a g e s  a r e  a v a i l a b l e  to anybody  
through the u s e  of b u r e a u x .  H o w e v e r ,  s o m e  e x p e r i e n c e  i s  n e e d e d  in 
the i r  s u c c e s s f u l  a p p l i c a t i o n .  W here  p o s s i b l e  a p i lo t  s tu d y  sh ou ld  be 
und er taken  to d e t e r m i n e  the  e c o n o m i c  v i a b i l i t y  of p u r s u i n g  t h e s e  
m ethods .  In p r a c t i c a l l y  a l l  of the  c a s e s  i t  i s  found  to be  m o r e  
econom ica l  to u s e  the  e x i s t i n g  s t a n d a r d  p a c k a g e s .
However,  in c e r t a i n  c i r c u m s t a n c e s  t h e r e  i s  j u s t i f i c a t i o n  in w r i t i n g  a 
new set of p r o g r a m m e s  to s a t i s f y  an  o r g a n i s a t i o n ' s  p a r t i c u l a r  n e e d s .  
Again the u s e  of e x i s t i n g  p a c k a g e s  to d e t e r m i n e  th e  v i a b i l i t y  of th i s  
course  of a c t i o n  i s  a  r e c o m m e n d e d  p r o c e d u r e .
These p a r t i c u l a r  r e q u i r e m e n t s  m a y  be  c a u s e d  by  th e  d i s t r i b u t i o n  
problems o r  the  f a c t  t h a t  the  o r g a n i s a t i o n  a l r e a d y  h a s  a p a r t i c u l a r  
type of c o m p u te r  a nd  the  d e l i v e r y  i n f o r m a t i o n  i s  a v a i l a b l e  in a 
par t icu la r  f o r m  and h e n c e  t h e r e  a r e  b e n e f i t s  in  p r o d u c i n g  a s p e c i a l  
truck sch e d u l in g  c o m p u t e r  p r o g r a m m e .
An added a d v a n ta g e  of the  i m p l e m e n t a t i o n  of c o m p u t e r  v e h ic l e  
scheduling is  t h a t  the  c o m p a n y  lias  l e s s  r e l i a n c e  on  one o r  two p e o p l e ' s  
experience  and the  d i s t r i b u t i o n  c o s t s  c a n  be c o n t r o l l e d  in th e  a b s e n c e  
of a highly e x p e r i e n c e d  s c h e d u l e r .
However, the  g r e a t e s t  a d v a n t a g e  of  v c h ic l e  f l e e t  p l a n n in g  c o m e s  no t  in 
the d a y - to -d a y  t a c t i c a l  p l a n n in g  of o p e r a t i o n s ,  a l th o u g h  th i s  i s  v e r y  
valuable, but in the  s t r a t e g i c  p l an n in g  f o r  su ch  a r e a s  a s  s e l e c t i n g  depot  
locations,  fleet, c o m p o s i t i o n ,  and  e c o n o m ic  f r e q u e n c y  of d e l i v e r y .
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C O M P U T E R  S O F T W A R E  P A C K A G E S  
F O R  V E H I C L E  S C H EDULING
T h e r e  a r e  t h r e e  p a c k a g e s  c u r r e n t l y  a v a i l a b l e  in  A u s t r a l i a ,  t h ey  a r e  
IC L  - V e h ic l e  S c h e d u l in g  ( t a p e / d i s c )  M a r k  3 
1CL - V e h i c l e  R o u t i n g  a nd  F l e e t  P l a n n i n g  
IB M  - V e h i c l e  S c h e d u l in g  P r o g r a m  E x t e n d e d  
The  above  a r e  r e v i e w e d  u n d e r  th e  fo l low ing  h e a d in g s
1. S ize  - th e  n u m b e r  of d e l i v e r y  p o in t s  a nd  n u m b e r  of 
d i f f e r e n t  t y p e s  of  v e h i c l e s  th a t  c a n  be  a c c o m m o d a t e d  
by  a  p a r t i c u l a r  p a c k a g e .
2. D e l i v e r y  P o i n t s  - the  n u m b e r  a n d  ty pe  of r e s t r i c t i o n s  
w h ich  c a n  be  i m p o s e d  on  d e l i v e r y  p o i n t s .
3. V e h i c l e s  - the  m e t h o d s  of de f in in g  t h e i r  c a p a c i t i e s  
and  s p e e d s  e t c .
4. Input  - the f a c i l i t y  of a p a c k a g e  to a c c e p t  d a t a  f r o m  
e x i s t i n g  f i l e s  a nd  th e  e a s e  w ith  w h ich  d a t a  c a n  be 
p r e p a r e d .
5. O u tp u t  - th e  e a s e  of i n t e r p r e t i n g  th e  ou tp u t  f r o m  the 
c o m p u t e r  p a c k a g e s  and th e  e a s e  w i th  w h ich  t h e y  c a n  
be  i n c o r p o r a t e d  with  e x i s t i n g  d a ta  f i l e s .
T h e r e  a r e  a t  l e a s t  a n o t h e r  t e n  p a c k a g e s  b e i n g  m a r k e t e d  o v e r s e a s  
s o m e  of w h ich  a r e  l i k e ly  to be  a v a i l a b l e  h e r e  q u i te  so on .  In f a c t  
bo th  H o n e y w e l l  P t y .  L td .  a nd  N a t io n a l  C a s h  R e g i s t e r  Co.  P ty .  L td .  
i n te n d e d  m a r k e t i n g  v e h ic le  s c h e d u l in g  p a c k a g e s  in  A u s t r a l i a  w i th in  
the  n e x t  tw e lv e  m o n t h s .
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ICL - V e h ic le  S c h ed u l in g  ( T a p e / D i s c  M a r k  3 - 1900 S e r i e s )
This p a c k a g e  h a s  r e c e n t l y  b e e n  u p d a t e d  and  the  new  v e r s i o n  i s  b a s e d  
on a c o n t r o l  l a n g u a g e  s i m i l a r  to A L G O L  and  i s  v e r y  m u c h  o r i e n t a t e d  
to f i t t ing  in to an  o r g a n i s a t i o n ' s  e x i s t i n g  f i le  s t r u c t u r e .  T h e  p a c k a g e  
is w r i t t e n  f o r  the  1900 s e r i e s  with  a m i n i m u m  c o n f i g u r a t i o n  of 32K 
words of c o r e  s t o r e ,  a c a r d  o r  p a p e r  t a p e  r e a d e r ,  a l i n e  p r i n t e r  and  
five m a g n e t i c  t a p e  d e c k s  o r  two e x c h a n g a b le  d i s c  s t o r a g e  c a r t r i d g e s .
Size - the  s i z e  of  p r o b l e m  th a t  c a n  be  a c c o m m o d a t e d  b j r a n y  p a c k a g e  
is v e r y  m u ch  a func t io n  of the  s i z e  of c o m p u t e r .  T h i s  p a c k a g e  h a s  
been u s e d  to s c h e d u l e  d e l i v e r i e s  to t h r e e  h u n d r e d  d e l i v e r y  p o in t s ,  
however ,  th i s  i s  by  no m e a n s  the  m a x i m u m  s i z e  of p r o b l e m  e v e n  when  
u t i l i s ing  th e  m i n i m u m  c o m p u t e r  c o n f ig u ra t i o n .
D e l iv e ry  P o i n t s  - T h e  d e l i v e r y  p o in t s  to be  c o v e r e d  by  the  v e h i c l e  
schedu les  a r e  d e f in e d  in t e r m s  of g r id  r e f e r e n c e s .  T h e s e  r e f e r e n c e s  
can be  b a s e d  on a  n a t i o n a l  s y s t e m  o r  on  a u s e r  de f ine d  s e t  of g r i d  • 
l ines.  T h e r e  i s  a  t h i r d  m e th o d  of d e f in in g  the  g r i d  w h ich  c o n s i s t s  of 
subdiv id ing  th e  a r e a  to be  c o v e r e d  by  the  s c h e d u l e s  in to  s q u a r e s .
Each s q u a r e  i s  n u m b e r e d  a nd  th e  u s e r  m u s t  s p e c i f y  the  n u m b e r  of 
s q u a r e s  and  th e  l e n g th  of the  s i d e  of e a c h  s q u a r e .  T h e  d i s t a n c e s  
between d e l i v e r y  p o in t s  a nd  e a c h  depo t  a r e  c a l c u l a t e d  f r o m  the  f o r m u l a  -
R oad  D i s t a n c e  = A . D  + B w h e r e  D i s  the  s t r a i g h t  
l ine  d i s t a n c e  b e tw e e n  two p o in ts  and  A a n d  13 a r e  
c o n s t a n t s  s e t  by  the  u s e r .
The s t r a i g h t  l ine  d i s t a n c e  b e tw e e n  two p o in t s  i s  c a l c u l a t e d  u s i n g  
P y th a g o r a s  T h e o r e m .  T he  f a c t o r s  A and  B de pe nd  on the  type  of 
coun t ry ,  i . e .  r u r a l ,  u r b a n ,  f l a t  o r  h i l ly ,  bu t  u n f o r t u n a t e l y  m u s t  be  
cons tan t  f o r  th e  c o m p l e t e  n e tw o r k  u n d e r  r e v i e w .
This  p a c k a g e  c o n t a in s  th e  f a c i l i t y  to de f ine  " B a r r i e r s " .  T h e s e  B a r r i e r s  
a re  def ined  in  t e r m s  of t h e i r  two end po in t s ;  t h e y  r e p r e s e n t  a s t r a i g h t  
l ine o v e r  which  i t  i s  i m p o s s i b l e  f o r  a ny  r o u t e  to p a s s .  H o w e v e r ,  i t  
is p o s s ib l e  to s p e c i f y  p a s s  p o in ts  a t  the  end of e a c h  B a r r i e r ,  i .  e.  p o in ts  
that  c a n  be  u s e d  s u c h  a s  b r i d g e s  o v e r  r i v e r s .
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T he  p a c k a g e  a l s o  p r o v i d e s  f o r  th e  d e f in i t io n  of " C o n g e s t e d  A r e a s " ,  
t h e s e  a r e a s  r e p r e s e n t  d i s t r i c t s  w h e r e  the  a v e r a g e  s p e e d  of v e h i c l e s  
i s  r e d u c e d  to a l e v e l  p r e - s p e c i f i e d  by  the  u s e r .  T h i s  f a c i l i t y  i s  
u s e f u l  when  r o u t e s  a r e  e x p e c t e d  to p a s s  in to  u r b a n  a r e a s  a nd  then  
b a ck  into c o m p a r a t i v e l y  f a s t e r  m o v in g  r u r a l  d i s t r i c t s .
T h e r e  a r e  f o u r  r e s t r i c t i o n s  o r  c o n s t r a i n t s  w h ich  c a n  be  s p e c i f i e d  
f o r  each  c u s t o m e r .  T h e s e  c o n s t r a i n t s  a r e  t a k e n  in to  a c c o u n t  when  
s c h e d u l e s  a r e  b e in g  g e n e r a t e d .  T h e y  a r e  a s  fo l lo w s
1. ' T h e  n o r m a l  d e l i v e r y  t i m e s  f o r  e a c h  c u s t o m e r ,
i . e .  the  m o s t  a c c e p t a b l e  t i m e  to  m a k e  d e l i v e r i e s .
2. T h e  d e f in i t i o n  of th e  e a r l y  c l o s i n g  d a y s  a s s o c i a t e d  
w ith  a  p a r t i c u l a r  c u s t o m e r .
3. T h e  m a x i m u m  v e h ic l e  s i z e  p e r m i t t e d  a t  a 
c u s t o m e r s '  p r e m i s e s .
4. G iv ing  c e r t a i n  c u s t o m e r s '  o r d e r s  h i g h e r  p r i o r i t i e s  
t h a n  o t h e r s .
V e h ic l e s  - W hen  s p e c i f y i n g  v e h i c l e s  t h e r e  a r e  8 c o n s t r a i n t s  w h ich  m  
be a p p l i e d .  T h e y  a r e  a s  fo l low s
1. T h e  m axi rm m n l e n g t h  of a r o u t e .
2. T he  m a x i m u m  t i m e  s p e n t  d r i v i n g  on a n y  r o u t e .
3. T h e  e a r l i e s t  s t a r t  a n d  l a t e s t  f i n i s h  t i m e s  f o r  
r o u t e s  s p e c i f i e d  in  t e r m s  of th e  t i m e  of day .
4. I t  i s  p o s s i b l e  to s p e c i f y  r o u t e s  t h a t  l a s t  two d a y s .
5. T h e  u n l a d e n  w e ig h t  of the  v e h ic l e  f o r  u s e  when  
s p e c i f y i n g  p a r t i c u l a r  c u s t o m e r  r e s t r i c t i o n s .
6. T h e  u n i t  c o s t  o f  t r a v e l  f o r  e a c h  ty pe  of  v e h i c l e  c a n  
be  s p e c i f i e d  to a s s i s t  in  the  o v e r a l l  c o s t i n g  of 
s c h e d u l e s .
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7. Up to 4 d i f f e r e n t  c o m p a r t m e n t s  c a n  b e  s p e c i f i e d  w i th in  
e a c h  v e h ic l e .
8. T h e  l i m i t i n g  c a p a c i t y  of eac h  of the  f o u r  c o m p a r t m e n t s  
c an  be  s p e c i f i e d  in  t e r m s  of two d i m e n s i o n s ,  f o r  
i n s t a n c e  w e ig h t  and  v o l u m e .
Input - Input to t h i s  p a c k a g e  c a n  be by  p u n c h  c a r d  o r  p a p e r  t a p e .  It 
is also p o s s ib l e  to u s e  e x i s t i n g  c u s t o m e r  f i l e s  and  t r a n s f o r m  th e m  
into the f o r m a t  n e c e s s a r y  f o r  t h i s  p a c k a g e .  T h e  p r o g r a m m e s  c o n ta in  
useful fi le upda te  p r o c e d u r e s  bo th  f o r  c u s t o m e r s '  n a m e s  a nd  a d d r e s s e s  
and fo r  the i n c l u s i o n  of n ew  d e l i v e r y  p o i n t s  o r  d e p o t s .
Output - T h i s  p a c k a g e ,  u n l ik e  a ny  o t h e r  on the  m a r k e t ,  g iv e s  
ex t rem ely  d e t a i l e d  ou tpu t ,  in c lu d in g  the  n a m e s  and  a d d r e s s e s  of the 
delivery p o in t s .  T h i s  m e a n s  th a t  th e  d o c u m e n t s  c a n  be  u s e d  d i r e c t l y  
by d r i v e r s  and n e e d  no i n t e r m e d i a t e  t r a n s l a t i o n  o r  d e c o o l in g .  T h e  
p ro g ra m  a l s o  p r o v i d e s  a n  i n v e n t o r y  of c u r r e n t  c u s t o m e r s  w i th  t h e i r  
names and  a d d r e s s e s  and  it  i s  p o s s i b l e  to u s e  th i s  f i l e  f o r  p r e p a r i n g  
mai ling  l i s t s  e t c .  T h e  p a c k a g e  c a n  p r o v i d e  a c o m p a r a t i v e l y  e a s i l y  
in tegra ted  s c h e d u l in g  s y s t e m  b u t  to d a te  l ias no t  b e e n  i n t e n s i v e l y  u s e d .
Vehicle Routing and  F l e e t  P l a n n i n g
This package w a s  d e v e lo p e d  by  E n g l i s h  E l e c t r i c - L e o - M a r c o n i  which  
is now pa r t  of IC ’L. T he  p a c k a g e  w a s  p u b l i s h e d  o r i g i n a l l y  in  S e p t e m b e r  
1965 and has  not b e e n  g r e a t l y  u p d a t e d  s i n c e  t h a t  t im e .
Size - The p a ck ag e  c a n  h a n d l e  up to 1, 000 d e l i v e r y  p o in t s  a s s o c i a t e d  
with any one depo t  and  c a n  be  s e r v e d  by  a m a x i m u m  of 990 v e h i c l e s .  
There is a m a x i m u m  l i m i t  of 128 d e l i v e r i e s  in a n y  r o u t e .  T h e  p a c k a g e  
can be run on a S y s t e m  4 c o m p u t e r  w i th  131 K b y t e s  of c o r e ,  c a r d  
reader,  l ine p r i n t e r  and  tape  f a c i l i t i e s  a r e  r e q u i r e d  f o r  p a r t i c u l a r  f i le  
options.
Delivery Po in ts  - T he  lo c a t io n  of d e l i v e r y  p o in t s  a r e  s p e c i f i e d  by  m e a n s  
of co-ord ina tes .  The s c a l e  and  b a s e  of the  c o - o r d i n a t e s  c a n  be  
specified by the u s e r  o r  u s e  c a n  be m a d e  of an  e x i s t i n g  m a p  r e f e r e n c e  
system.
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D i s t a n c e s  a r e  c a l c u l a t e d  by  d e t e r m i n i n g  the  s t r a i g h t  l ine  d i s t a n c e  
b e tw e e n  p o i n t s  a nd  m u l t i p l y i n g  by a f a c t o r .  T h e  f a c t o r  is  u s u a l ly  
found to be  in  th e  o r d e r  of  1. 2 bu t  c a n  be  s p e c i f i e d  by  the  u s e r .
T h e  t i m e  a d e l i v e r y  c a n  be  m a d e  c a n  be s p e c i f i e d  f o r  e i t h e r  the 
f i r s t  ha l f  o r  th e  s e c o n d  ha l f  of a day .  T h e r e  i s  a l s o  an  opt ion  which 
s p e c i f i e s  t h a t  a  c a l l  m u s t  b e  the  f i r s t  o r  l a s t  c a l l  on  a p a r t i c u l a r  
ro i i te .  C o n g e s t e d  a r e a s  ( i . e .  w h e r e  s p e e d s  m a y  be  r e s t r i c t e d )  can 
be  s p e c i f i e d  a nd  a s l o w e r  a v e r a g e  s p e e d  u s e d  w i th in  t h e s e  a r e a s .  
N a t u r a l  b a r r i e r s  t h a t  e x i s t  in th e  l o c a l  t e r r a i n  s u c h  a s  r i v e r  
e s t u a r i e s  can  be de f ine d  by  in c lu d in g  d a ta  a s  to th e  b r i d g e  po in ts  
a t  which  t h e y  m a y  b e  c r o s s e d .  A l l  r o u t e s  t h a t  h a v e  to c r o s s  t h e s e  
b a r r i e r s  w i l l  be  r o u t e d  wi th  the s h o r t e s t  p o s s i b l e  d i s t a n c e s  th ro u g h  
the  b r i d g e  p o i n t s .  A s  w i th  a l l  v e h i c l e  s c h e d u l in g  p a c k a g e s  the 
p a c k a g e  c a n  be  u s e d  to s c h e d u l e  c o l l e c t i o n s  o r  d e l i v e r i e s ,  but not 
both  on  the  s a m e  s e t  of  r o u t e s .
V e h ic l e s  - When s p e c i f y i n g  the  c o n s t r a i n t s  a s s o c i a t e d  wi th  v e h ic l e s  
the fo l lo w in g  a r e  a v a i l a b l e  : -
1. E a c h  r o u t e  u n d e r t a k e n  b y  a  v e h i c l e  c a n  be  l i m i t e d
\yy t h e  l a a x i m u m  d i s t a n c e  i t  c a n  t r a v e l .
2 .  T h e  r o u t e  c a n  b e  r e s t r i c t e d  h y  th e  n u m b e r  oi c a l l s  
t h a t  can  be  m a d e .
3. T h e  r o u t e  c a n  be  r e s t r i c t e d  by  the to t a l  j o u r n e y  
t i m e .
4. I t i s  p o s s i b l e  to s c h e d u l e  two day  t r i p s  f o r  v e h i c l e s  
b u t  t h i s  m u s t  be  c a r r i e d  o u t ' d u r i n g  a s e p a r a t e  
c o m p u t e r  r u n .
5. I t  i s  p o s s i b l e  to h a v e  10 d i f f e r e n t  t y p e s  of v e h i c l e s  
w i th  a  m a x i m u m  oi 99 of. e a c h  t y p e .
6. E a c h  v e h i c l e  can  be s p e c i f i e d  to h a v e  3 s p e e d s ,  
d e p e n d in g  on the  l o c a l  c o n d i t io n s  w i th in  w h ich  it 
i s  t r a v e l l i n g .
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Input - Input to t h i s  p a c k a g e  i s  by  m e a n s  of  pu n ch ed  c a r d s ,  due to 
the r e l a t i v e  s i m p l i c i t y  of th e  p a c k a g e  the  a c c o m p a n y i n g  inpu t  is  
easy to c o m p i l e  and c h e c k  ou t .
Output - O utpu t  f r o m  th i s  p a c k a g e  i s  r e l a t i v e l y  u n c o m p l i c a t e d  and 
contains the fo l lo w in g  v a l u e s  : -
T h e  c a l l s  to b e  m a d e
T h e  o r d e r  the  c a l l s  a r e  to  be  m a d e
M o s t  s u i t a b l e  v e h i c l e s  to be  u s e d  on  e a c h  r o u t e
T h e  a c t u a l  c a p a c i t y  of the  v e h i c l e s  u t i l i s e d
The  to t a l  m i l e a g e  t r a v e l l e d  in  e a c h  r o u t e
T h e  to t a l  t i m e  s p e n t  on e a c h  r o u t e
Summary  d a ta  i s  p r o v i d e d  in th e  ou tpu t  and  in c l u d e s  th e  to ta l  m i l e a g e  
t rave l led  by  a l l  v e h i c l e s  a nd  d e t a i l s  of a ny  p o in t s  o r  d e l i v e r i e s  tha t  
have not b e e n  a s s i g n e d .  T h e r e  i s  no f a c i l i t y  f o r  the  i n c o r p o r a t i o n  of 
existing f i l e s  with  t h i s  p a c k a g e  e i t h e r  w i th in  the  inpu t  o r  ou tpu t  d a ta .  
However,  f a c i l i t i e s  e x i s t  f o r  w r i t i n g  o n e ' s  own " H e a d "  and  " T a i l "  
program; the  n e c e s s a r y  d o c u m e n ta t i o n  i s  i n c lu d e d  in the  m a n u a l s .
This package p r o v i d e s  a r e a s o n a b l y  s i m p l e  m e a n s  of d e c id in g  on the 
benefits of u s i n g  c o m p u t e r  s c h e d u l in g  a n d  i s  the  b a s i s  f o r  a s p e c i a l l y  
designed p r o g r a m m e  to m e e t  the  p a r t i c u l a r  u s e r s '  n e e d s .  H o w e v e r ,  
further d e v e lo p m e n t s  a r e  b e in g  m a d e  on p a c k a g e s  f o r  S y s t e m  4 u s e r s .  
The computer  c o s t s  a r e  a p p r o x i m a t e l y  $40 f ixed  c o s t  p e r  s c h e d u l e  
production r u n  p lu s  3 c e n t s  p e r  c a l l e d  po in t .  T h i s  p a c k a g e  h a s  b e en  
used by a l a r g e  r e f i n i n g  c o m p a n y  in A u s t r a l i a .
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IBM - V e h ic l e  S c h e d u l in g  P r o g r a m  - E x t e n d e d
Size  - T h i s  p a c k a g e  c a n  in  th e  e x t r e m e  h a n d l e  a d i s t r i b u t i o n  p a t t e r n  
c o n ta in in g  2, 700 z o n e s ,  e a c h  zone  c o n t a in in g  a m a x i m u m  of 255 
c u s t o m e r s .  T h i s  s i z e  of p r o b l e m  would  r e q u i r e  an  e x t r e m e l y  l a r g e  
m a c h in e  (e. g. 3G0/G5). T h e  s i z e  of p r o b l e m  t h a t  c a n  be  h and led  with  
th i s  p a c k a g e  d e p e n d s  on  the  s i z e  of c o r e  and  p e r i p h e r a l  e q u ip m e n t  
a v a i l a b l e  w ith  th e  c o m p u t e r  s y s t e m  a s  w e l l  a s  the n u m b e r  of op t ion s  
p r o v i d e d  by  th e  p a c k a g e  t h a t  a r e  r e q u i r e d  by  the  u s e r .  T h e  n u m b e r  of 
d e l i v e r i e s  th a t  c a n  be  h a n d l e d  in  one s e t  of s c h e d u l e s  c an  r a n g e  f r o m  
700 with  a v e r y  s m a l l  c o m p u t e r  (the  m i n i m u m  c o n f i g u r a t i o n  i s  a 
3 6 0 /3 0  w i th  a 64K b y t e s  c o r e )  to 5300 w i th  the  l a r g e s t  type .  A 
m a x i m u m  of 225 d i f f e r e n t  v e h i c l e  ty p e s  c a n  be  s p e c i f i e d  with  an 
u n l im i t e d  n u m b e r  of v e h i c l e s  in e a c h  ty p e .  H o w e v e r ,  if the  t r a i l e r  
op t ion ,  s e e  be low ,  i s  u s e d ,  on ly  15 d i f f e r e n t  v e h i c l e  ty p e s  a r e  
a l lo w a b le .
D e l i v e r y  P o i n t s  - T h i s  p a c k a g e  p r o v i d e s  two m e t h o d s  of sp e c i f y in g  
d i s t a n c e  r e l a t i o n s h i p s  b e t w e e n  c u s t o m e r s .  T h e  f i r s t  m e th o d  i s  the  
c o - o r d i n a t e  m e t h o d  s i m i l a r  to t h a t  u s e d  in the  o t h e r  two p a c k a g e s .
T h e  f a c i l i t y  e x i s t s  f o r  s p e c i f y i n g  b a r r i e r s  a n d  p a s s  p o in t s  th ro u g h  
which  r o u t e s  c a n  c r o s s  b a r r i e r s ,  c o n g e s t e d  a r e a s  w h e r e  the  a v e r a g e  
v e h ic le  s p e e d  i s  r e d u c e d ,  and  f o r  s p e c i f y i n g  the  c o - o r d i n a t e s  with  
r e s p e c t  to a s t a n d a r d  g r i d  s y s t e m  o r  a u s e r  p r o v i d e d  n o n - s t a n d a r d  
g r id  r e f e r e n c e  s y s t e m .
T h e  s e c o n d  m e t h o d  of s p e c i f y i n g  th e  g e o g r a p h i c  r e l a t i o n s h i p  b e tw e e n  
c u s t o m e r s  i s  to m e a s u r e  and  r e c o r d  the  t r u e  d i s t a n c e  a lo n g  each  l ink  
j o in in g  the  d e l i v e r y  p o in t s  to e a c h  o t h e r  and  the  d e l i v e r y  p o in t s  to the  
depo t .  T h e  d i s t a n c e  of e a c h  l in k  c a n  be s p e c i f i e d  in e i t h e r  m i l e s  o r  
k i l o m e t e r s  and  i t  i s  p o s s i b l e  to s p e c i f y  a  s p e e d  a s s o c i a t e d  with  eac h  
p a r t i c u l a r  l ink .
The  a d v a n t a g e s  of t h i s  s e c o n d  ty pe  of n e t w o r k  d e s c r i p t i o n  o r  
s p e c i f i c a t i o n  i s  tha t  i t  p r o v i d e s  g r e a t e r  a c c u r a c y ,  b u t  on the o th e r  
h and  i t  i s  m o r e  l a b o r i o u s  to c o l l e c t  and  s e t  up  the d a ta  and  r e q u i r e s  
l o n g e r  c o m p u t i n g  t i m e s  to p r o v i d e  th e  n e c e s s a r y  f i l e s .
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There  a r e  a t  l e a s t  s i x  o p t io n s  t h a t  c a n  b e  u s e d  w i th in  th i s  p a c k a g e  
to sp ec i fy  d e l i v e r y  p o i n t s .  T h e y  a r e  a s  fo l low s
1. L i m i t e d  o r  s p e c i f i c  c a l l i n g  t i m e s  a t  a n y  c u s t o m e r  
so  t h a t  p r e - a r r a n g e d  d e l i v e r y  t i m e s  c a n  be  m e t .
2. U n load ing  t i m e s  t h a t  a r e  p r o p o r t i o n a l  to the  q u a n t i ty  
of goods  d e l i v e r e d  o r  a s p e c i f i c  u n lo a d in g  t i m e  a t  
any  p a r t i c u l a r  c u s t o m e r .  I t i s  a l s o  p o s s i b l e  to de f ine  
an  a v e r a g e  d u r a t i o n  to m a k e  a d e l i v e r y .
3. T h e  m a x i m u m  s i z e  of  v e h ic l e  t h a t  c a n  d e l i v e r  to a 
c u s t o m e r  c a n  be  s p e c i f i e d .
4. An in d iv id u a l  c a l l  m a y  be  l i m i t e d  to a  p a r t i c u l a r  
v e h i c l e  ty pe .
5. C e r t a i n  c a l l s  c a n  be  g iven  a  low o r  a h igh  p r i o r i t y  
r a t i n g  and  r e m o v e d ,  o r  d e f in i t e l y  i n c lu d e d  w i th in  a 
p a r t i c u l a r  s e t  of s c h e d u l e s .
6. P a r t i c u l a r  d e l i v e r i e s  c a n  be  s p e c i f i e d  to b e  th e  
f i r s t  o r  l a s t  d e l i v e r y  on  a r o u t e .
V eh ic le s  - It. i s  p o s s i b l e  to s p e c i f y  up to 255 d i f f e r e n t  t y p e s  of 
v e h ic le s ,  e a c h  w ith  a  d i f f e r e n t  c a p a c i t y  and  m a x i m u m  r o u t e  t i m e  
if r e q u i r e d .  T h e r e  i s  a f a c i l i t y  f o r  a s s i g n i n g  p a r t i c u l a r  t r a i l e r s  to 
p a r t i c u l a r  v e h i c l e s .  If t h i s  op t ion  i s  u s e d  i t  r e s t r i c t s  a n u m b e r  of 
the o t h e r  f a c i l i t i e s  t h a t  the  p a c k a g e  p r o v i d e s .  H o w e v e r ,  t h e r e  a r e  
a l a r g e  n u m b e r  of o p t io n s  a v a i l a b l e  in  th i s  p a c k a g e .  T h e  fo l low ing  
is a l i s t  of the m o r e  i m p o r t a n t
1. T h e  a v e r a g e  v e h i c l e  s p e e d  c a n  be  s p e c i f i e d .
2. T h e  e a r l i e s t  s t a r t i n g  a nd  l a t e s t  p o s s i b l e  
f in i s h i n g  t i m e s  f o r  e a c h  w o r k i n g  day  c a n  be  
s p e c i f i e d .
3. V e h i c l e s  c a n  be  s p e c i f i e d  wi th  up to 15 
c o m p a r t m e n t s ,  e a c h  w ith  a d i f f e r e n t  c a p a c i t y .
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4. T h e  m a x i m u m  r o u t e  t i m e  c a n  be  l i m i t e d  w i th  the 
m a x i m u m  p o s s i b l e  d u r a t i o n  of a  r o u t e  b e in g  a 
m u l t i p l e  day  r o u t e  of 22 d a y s .
5. A v e h i c l e  r o u t e  c a n  be l i m i t e d  by  the  n u m b e r  of 
d e l i v e r i e s  a l lo w e d  a n d / o r  the  m a x i m u m  d i s t a n c e  
th a t  c a n  be  t r a v e l l e d .
6. It i s  p o s s i b l e  to o r g a n i s e  the  v e h i c l e  s p e c i f i c a t i o n  
d a ta  so  t h a t  v e h i c l e s  c a n  c a r r y  out m u l t i p l e  j o u r n e y s  
in  a  p a r t i c u l a r  day .
7. It i s  p o s s i b l e  to s p e c i f y  the  lo a d  in t e r m s  of  two 
u n i t s  s u c h  a s  w e ig h t  a nd  v o l u m e .
S om e  of the  a b o v e  o p t io n s  a r e  m u t u a l l y  e x c l u s i v e ,  and  the  in c l u s io n  
of too  m a n y  in one  s e t  of s c h e d u l e s  i n c r e a s e s  the  c o m p u t i n g  t i m e  and 
l i m i t s  th e  s i z e  of p r o b l e m  t h a t  c a n  be  h a n d l e d  on a p a r t i c u l a r  c o m p u t e r  
c o n f ig u ra t i o n .
Input - T he  inpu t  to t h i s  p a c k a g e  i s  n o r m a l l y  by  m e a n s  of pun ch ed  c a r d s ,  
h o w e v e r ,  i t  i s  p o s s i b l e  to w r i t e  a h e a d  p r o g r a m  in  P L ,  1 which  c o n v e r t s  
the  u s e r s  f o r m a t  to th e  f o r m  r e q u i r e d  by the  p a c k a g e .
Outpu t  - T he  ou tp u t  c o n s i s t s  of t h r e e  p a r t s ,  a s  fo l lo w s  
*
1. A l i s t  of the  o p t io n s  t h a t  w e r e  r e q u e s t e d  t o g e t h e r  with  
th e  p a r a m e t e r s  s u c h  a s  u n lo a d in g  r a t e s ,  e a r l i e r  
s t a r t i n g  t i m e ,  l a t e r  s t a r t i n g  t i m e ,  e t c .
2. T h e  r o u t e s  t h e m s e l v e s  c o n s i s t i n g  of t h e  c u s t o m e r s  
s p e c i f i e d  in  t e r m s  of  th e  c u s t o m e r  n u m b e r s ,  the 
q u a n t i ty  to be  d e l i v e r e d ,  th e  t i m e  of a r r i v a l  a t  the  
c u s t o m e r  a n d  the  t i m e  of l e a v i n g  the  c u s t o m e r .
E a c h  x-oute s p e c i f i e s  the c u s t o m e r s  and  the  o r d e r  
in w h ich  d e l i v e r i e s  shou ld  be m a d e .
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3. T he  f in a l  s t a g e  of  ou tp u t  i s  a  s u m m a r y  of a l l  r o u t e s
and  i n d i c a t e s  the  f l e e t  u t i l i s a t i o n  in  t e r m s  of  t o t a l  
d i s t a n c e s  d r i v e n ,  t o t a l  q u a n t i t i e s  d e l i v e r e d ,  e tc .
T h e  p a c k a g e  p r o v i d e s  the  ou tpu t  i n f o r m a t i o n  on 
f i l e s  th a t  c a n  be  a s s e s s e d  by  P L .  1 p r o g r a m s  and  it  
i s  p o s s i b l e  to g e n e r a t e  a c u s t o m e r  n a m e  a nd  
a d d r e s s  f i l e  and  h e n c e  g e n e r a t e  d o c u m e n ta t i o n  th a t  
m a y  be  p a s s e d  s t r a i g h t  to th e  s c h e d u l e r  o r  to the 
v e h ic l e  d r i v e r s .
C o m m e n ts
This  p r o g r a m  h a s  had  e x t e n s i v e  u s e  o v e r s e a s .  In A u s t r a l i a  it h a s  
been u s e d  by a l a r g e  o i l  c o m p a n y  in  V i c t o r i a  f o r  s c h e d u l in g  h o m e  
d e l i v e r i e s  of o i l ,  and  in  W e s t e r n  A u s t r a l i a  fo r  s c h e d u l i n g  the 
d e l i v e r i e s  of l iqu id  p e t r o l e u m  g a s .  O t h e r  t r i a l  r u n s  of the  p a c k a g e  
have been  m a d e  by  c o m p a n i e s  bo th  in N ew  South  W a l e s  a nd  V i c t o r i a .  
Th is  p a c k a g e  i s  by  f a r  the  m o s t  c o m p r e h e n s i v e  a n d  the  f a c i l i t y  f o r  • 
spec i fy ing  the n e t w o r k  l i n k s  in  t e r m s  of t h e i r  t r u e  d i s t a n c e  r a t h e r  
than u s in g  a g r id  s y s t e m  i s  p a r t i c u l a r l y  a p p l i c a b l e  to s c h e d u l e s  in 
r u r a l  a r e a .
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"PLANNING GAS PRODUCTION USING LINEAR PROGRAMMING"
T.G. O ’Meally,
Manager, Management Services Division, 
The Australian Gas Light Company.
INTRODUCTION.
The Australian Gas Light Company has a number of firsts to its credit* 
Being founded in 1837, it ranks as Australia's oldest industrial 
Company. In 1955 it installed the country's first non-University 
computer, and its Operations Research group's 1957 beginning makes it 
one of longest running local units.
The Company's production methods were steeped in tradition, and it 
was thought by some production people that no significant economic 
improvement over tried and trusted procedures could be introduced by 
the 'nouveau sage'. However, technical, economic and market develop­
ments in the industry have occurred so rapidly that their full 
implication has only been realised and exploited with the aid of 
scientific decision making techniques.
Prom a situation where coal was the only acceptable and available 
raw material for about a century and coke was a commodity in high 
domestic demand, oil has become locally available as both a raw 
material and a competing fuel. The last decade has seen the appearance 
of numerous refineries on the Australian scene, with a whole spectrum 
of products which are acceptable feedstocks for an increasing variety 
of available gasmaking processes. The past couple of years has seen 
the introduction of natural gas into most Australian capitals, and it 
will be in Sydney in the predictable future. Natural gas can be used 
either as a feedstock for the manufacture of towns gas in existing 
plants, or be distributed directly to customers 7/hose appliances have 
been converted to accept it. During the three year transition period 
from towns gas to natural gas burning appliances, natural gas will be 
used as the almost exclusive raw material for towns gas manufacture.
This paper aims to outline some of the ways in which linear programming 
lias been used to aid management decision making during this period of 
industry evolution. It does not pretend to describe the process in 
detail, nor is it presented as the latest developments in O.R. at A.G.L. 
for the philosophy outlined had its beginnings some 14 years ago.
A short section is devoted to an outline of the linear programming 
technique, and it is shown how the gas production problem is a classic 
application of L.P. Short summaries are given of instances of its 





















Consider the case of a certain manufacturer who turns out only two 
products, tables and chairs. Now since there are only two products 
it is possible to represent any combination of outputs as a point t 




100 200 300 £ 0 0  500 600 
NUMBER OF CHAIRS PER W EEK ( c )
Thus the point P in figure 1 indicates the production of 300 chairs 
and 50 tables per week.
In planning his weekly production pattern, the manufacturer must 
take the following restructions into account.
(a) The machine whicli turns out chair legs has a maximum capaci; 
of 450 chairs per week*
i.e. C ̂  450
(b) The supply of table tops has an upper limit of 100 per week, 
thus
T 100
(c) His market knowledge shows that he must produce at least tw 
chairs for every table, but can sell any chairs surplus to 
this figure.





















(d) He has a labour force amounting to not more than 600 hours 
per week, and knows that each table requires 3 man hours, 
while a chair uses up 1 man hour. The total number of man 
hours required is 3T + C which must be less than 600
i.e. 3T + C ̂  600
Each of these restrictions means that certain combinations of table- 
chair output are forbidden. That is, some areas of the table-chair 
diagram axe prohibited. This is shorn in figure 2.
NUMBER OF CHAIRS PER WEEK ( c )
For example, restriction (a) ensures that chair production is less 
than 450 per week, and the permissable area allowed by it is thus 
that to the left of the vertical line HS.
V»hen all restrictions have been depicted on the diagram., it follows 
that only points which lie within the region CPQRS satisfy all those 
restrictions simultaneously.
Let us now suppose that the manufacturer wishe3 to use his resources 
in such a manner as to make the maximum profit each week.
He knows that he makes a profit (exclusive of fixed costs), of $2 on 
each table and $1 on each chair, and his fixed commitments amount 
to $250 weekly. What combination of tables and chairs will give the 
marimum weekly profit? That is, what point of the figure OPQRS will 
give a maximum value for the expression
$2T + SC - $250
Now if he were (unwisely) to adopt a policy of manufactuning 100 
chairs only per week, he would make a net loss of $150. He could 
achieve this same result by the production of 50 tables alone per 
week. In fact, the net weekly loss is $150 for any point along the 
line AB of Figure 2. The line CD represents points having an equal 
loss of 5550 per week, whilst a profit of $50 is realised anyv/here on 
line E?. 5 A *
It is apparent, then, that the point representing maximum profit' 
is found by talcing a line parallel to AB, CD and EF, and "pushing" 
it as far to the right as possible. This extreme line passes through 
the point R, where the weekly production indicated is 50 tables and 
450 chairs. The profit thus realised is $300 per week.
In passing we note that although tables appear more profitable per 
unit, (32 as against i!l), the optimum solution is not obtained by 
maximising their output. In fact, 'lad he produced quantities given 
by point Q (iOO tables and 300 chairs), his weekly margin would fall 
to $250.
Definitions and Points of Interest
The case quoted is an example of linear programming, an extremely 
useful technique of problem solving.
Linear programming maximises (or minimises) some quantity such as 
profit tor cost) which is expressed as simple contributions from a 
number of variables, whilst working within specified constraints.
Its two essential features are thus:
(a) A function to be optimised - the "object function"
(b) Restrictions on modes of operation, usually expressed in the 
form of equations or inequalities.
Some of its attributes are as follows:
(a) The number of variables (and restrictions) can be as large
as necessary to describe the problem. For example, the profit 
may be expressed as:
P = 2C + 3T + 4W + 9D - 5H etc.
(b) In the case of a large number of variables, graphical methods 
fall down, and recourse is made to arithmetic computation, 
perhaps using an electronic computer. The basic concept is 
nevertheless unchanged.
(c) The solution to the problem is obtained by selecting a set
of the restrictions, and solving them as simultaneous equations. 
The set of equations chosen will depend upon the v a l u e’of the 
co-efficients in the object function. In the example quoted, 
the relevant equations were the "maximum chairs" restriction 
and the "labour availability" restriction. If the respective 
profits of tables and chairs were different, another pair of 
equations might have to be selected for solution of the operat­
ing point.
(d) It is thus seen that at the solution point, not all of the 
constraints are effective in restricting operation. U'urther- 
more, in many cases some of tne variables used to describe tne 
problem will be assigned a value of zero, i.e. they are not 
chosen in the final answer.
(e) The incremental cost or profit of certain variations! can be 
assessed by changing the numerical limits of the various 
restrictions. 55.
(f) Only that part of cost or profit should be included which 
is truly proportional and attributable to the variable in 
question. If the cost of a certain item has a fixed and a 
variable component, only the latter should be included.,
Hence quantities such as overheads and capital charges should 
not be allocated to the variables, as they would be incurred 
irrespectively of the operation of a given plant. Costs of 
items purchased in definite quantities under contract may be 
similarly omitted, and their contribution added to fixed costs.
Wo cost should be placed on any commodity which is both produced 
and used internally. (This consideration applies to the internal 
pricing of coke, for example).
(g) Many processes have characteristics which are not truly linear, 
but approximations to linearity may be made, and answers obtain­
ed to problems which are perhaps otherwise insoluble.
3. GAS PRODUCTION PROCESSES.
Towns gas which is manufactured by A.G.L. is a blend of components 
from a number of very different processes, whose products are quite 
different in physical and economic characteristics.
Those in current use are briefly outlined below:-
3.1 Coal Gas
Coal is heated in the absence of air: coal gas is volatilised, leaving
coke behind. Heat can be supplied from several media, but usually
this comes from burning coke in producers.
3.2 Carburetted 'Tater Gas
Steam is passed through a bed of hot coke, and this results in the 
production of 'blue water gas'. Oil or other liquid hydrocarbon may 
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Hydrocarbon
3.3 Oil Gas
Oil or other liquid hydrocarbon is preheated and partially cracked 






Oil Gas - 
........... I
~ ' X .....!
3.4 Catalytic Reformers
A liquid hydrocarbon (usually naphtha) is passed through a hot 
catalyst bed in the presence of steam, and is reformed. With change 
of catalyst, the same plants can also be used to reform natural gas.







A liquid hydr:carbon undergoes partial combustion in air to produce 







Several gases are purchased from oil refinery based operators. 











All gasmaking processes make or use steam. Apart from the in-plant 
waste-heat boilers, some of the byproducts of the various gasmaking 
processes can be used for steam raising in boilers.
Liquid Fuel 




4. STRUCTURING- A GAS - PRODUCTION LINEAR PROGRAM.
Since A.G.L. is a public utility, it does not operate so as to 
maximise profits, which are strictly limited by statute. Rather 
its objective is to satisfy the demands for its products at 
minimum cost. Linear programming is a valuable technique here, 
for the (variable) cost of production can be expressed as a 
contribution from each type of gas which can potentially be in­
cluded in the final mix. Thus the objective function of the L.P. 
is this linear expression of costs, whilst the variables are the 
quantities of each gas to be produced in each period.
In the optimisation process, numerous constraints must be observed.
All of these constraints are expressable as linear relationships 
amongst the problem variables. The restraints fall into a number of 
categories:-
(a) Market restraints: the quantities of gas, coke and byproducts 
made available for sale must be equal to the market demands.
(b) Quality constraints: towns gas is made as a blend of diverse 
products having a range of calorific values, density, combustion 
and other physical properties. The properties of the blend
are variable only between closely defined limits. Some of 
these limits are fixed by legislation, others by the character­
istics of appliances installed in customers' premises.
(c) Plant performance and capacity: each of the unit3 described 
in the previous sections has performance characteristics which 
may vary with operating conditions such as throughput and 
characteristics of available raw materials.
(d) Contract restrictions. Many raw materials are bought under 
fixed contractual arrangements, whence minimum or maximum 
consumptions might apply. Similarly contracts exist for certain 
byproducts.
(e) Internal services: sufficient internal services (e.g. steam
and power) must be provided to satisfy the needs of manufactur­
ing and other operating needs. ,
(f) Standby plant: adequate reserve plant must be available to 
assure continuity of supply in the event of reasonably likely 
plant or raw material outages.
If the restrictions described above were written down, the appearance 
would resemble the matrix array shown in Fig. 3 , which would suffice 
for the description of a single time unit.
Nov/ since gas can be stored, it is not necessary to natch supply and 
demand instant by instant, but fluctuations can be ironed out by 
reliance on storage. In fact, a planning unit of one week is usually 
adopted in the industry, with the proviso that short-term fluctuations 
are carefully monitored.
In planning a year's gas production, one must consider certain facets 
on an individual weekly basis (e.g. gas quality and output, plant 
capacity etc.), whilst others must be borne in mind with respect to 
annual, levels (raw material contracts, byproduct output etc.). This 
combination of considerations means that the matrix tableau describing 
a year's operations has the following structure.
C
D
The sections A^ A .... describe constraints on successive weeks'
operations ’ ’
B is the set of right-hand sides of the restrictions.
C is the cost function which is to be minimised.
D is a set of restrictions which apply on an annual basis.
The time required for solution of a linear programming problem by 
direct means varies as about the square of the number of variables.
To describe fully a year's operations could require about 2000 
variables and 1000 constraints, requiring an inordinate amount of 
computer time for solution. As the pattern of operation is known 
to be only slowly changing at certain times of the year, a compronri.se 
is often made between mathematical exactness and computation time.
It lias been found adequate to divide a year into S-12 planning periods 
without affecting the economic precision of results obtained.
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FIG. 3
GCOAL GBWG GCWG GOIL GREP1 GREF2 GBAL1 GBAL2 GC0N1 GC0N2
THERMAL QUAHT 1 1 1 1 1 1 1
1_L 1O. 1 !
i
= 1320
VOLUTE .18 .29 .06 .1 .12 .02 .3 .8 .14 .04 j = 200
QUALITY 1 - 8.7 -16.9 - .5 - 1.82 -15.5 1.7 11.9 8.8 - 3.5 .61 I <  -5600
QUALITY 2 - .69 -1.5 - .3 -.41 -1.21 -.31 -3.64 -3.99 -.52 -.19 i < -  920











CAPACEWG 1 <  175
CAPAGCWG 1.3 -1
. . _ __  i
\
V o
CAPACOIL 1 < '  200
CAPACREF .14 .02 <  160
CAPACBAL .32 .75 <  42
QUANTCON 1 1 <  305
QUA2ITC0N 2 1 50
RAWMAT 1 1.1 1.2 .91 .92 <  7300 Annually
BYPRCB 1 5.9 -4.8 •
■ ■ ----1
= 0 Annually
COST 94 3.8 -10 -14 75.9 66.8 3.7 7.4 69 84
5. APPIICATIONS 0? LINEAR PROGRAMMING .
/
5.1 Production Scheduling
It might appear from the above description that production planning 
could easily be undertaken with the use of L.P. However, production 
managers require planning documents on a fine time scale (i.e. week- 
by-week schedules), and to undertake to provide such information 
using a 52 period L.P. would require an excessive amount of computer 
time.
Based on an extensive and continuing series of L.P. studies, heuristic 
decision rules have been developed which 'guide' the choice of a 
production schedule far more quickly, and only a little less flexibly 
than a full L.P. solution.
The comparative computer times (5 minutes for the heuristic solution v 
several hours for a full L.P. solution) indicate how the incorporation 
of some experience can leaven the plodding exactitude of a rigorous 
mathematical technique.
In any case our experience has been that except in new, unusual or 
chaotic situations, the use of L.P. will not produce remarkable 
savings. In matters of routine, the main benefit of computerised 
production scheduling is in rapid turnaround of results and minimisation 
of error.
5.2 Incremental Costs of Products
Linear programming has been found to be of considerable use in 
determining the cost which the Company can afford to pay for its 
raw materials and the minimum price at which the Company can afford 
to sell its byproducts. This latter is particularly important where 
one overseas order can far exceed local annual sales.
The notion of incremental cost becomes important rather than accounting 
costs which can lead to erroneous decisions in some situations. The 
incremental cost of gas at a particular level of issue, is the addition­
al cost incurred m  producing one more unit of gas over that level.
Hence costs which have already been incurred such as capital costs etc. 
will not be included in the incremental cost if there is spare capacity 
available in the plants to make the necessary increment. If however 
the making of the additional increment would require the installation 
of new plant, then these capital costs would need to be included in 
the incremental cost, as capital costs are then variable.
Two procedures can be followed in determining incremental costs.
Firstly, it is possible in some instances to use information printed 
out by most L.P. computer packages called "reduced cost". This 
figure indicates the change in the value of the "cost function" if 
one additional unit of a particular variable is included. This 
procedure is not always satisfactory because the costs used in the 
linear program may not include all relevant costs outside the range 
for which the L.P. was originally solved.
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The better technique is to solve two problems - one with the 
item whose incremental cost is to be determined at the original 
level, and a second with the item at some slightly higher level. 
Prom a comparison of the costs in the two solutions an accurate 
incremental cost can be obtained*
5• 3 Raw Material Selection
Several situations arise in the selection of raw materials
(a) A fixed quantity must be consumed at a fixed contract price. 
Here the L.P. can be used to give advice regarding the optimum 
schedule of supplies throughout the contract period. If 
rates of take are governed by maximum or minimum levels, these 
can be covered by appropriate restrictions in the model.
(b) Quantities are variable and price is known. The model can 
be solved to choose that quantity of raw material which 
minimises the overall production cost.
(c) Quantities are variable but price is unknown. This is the 
situation which classically exists before negotiations for 
future raw materials are begun. In general terms, if prices 
are low, the raw material in question will tend to replace 
competing products as feedstock. With increasing pi'ices, the 
quantities desired will fall as various applications become un­










Price of raw material - Si ton
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This type of output is extremely valuable as a basis for 
management decision making in the negotiation of contracts.
In cases where a number of mutually exclusive raw material options 
are available, two approaches are possible. Firstly, each option 
can be substituted in turn into the L.P. array, the problem solved 
and the various results compared with each other to reveal which 
of the total operating procedures is the cheapest* Alternatively 
it is possible to put all alternatives into the one L.P. but by use 
of *'0-l" programming ensure that if one alternative is chosen, then 
all others are excluded. In practice, at A.G.L. this approach has 
not been used, partially because the computer packages providing 
"0-1" programming features have been considered time consuming, but 
also because the use of several solutions can give the analyst a 
better "feel" for the problem in hand.
Byproducts
In the past, when coal gas plant was the only form of gasmaking 
plants, byproducts such as coke, tar, breese and so on were produced 
in direct proportion to the quantity of gas issue. However with 
the present setup, it is possible to make use of most byproducts on 
the works either for steam raising or as raw materials in other 
gasmaking processes. Consequently, the incremental cost of making 
a byproduct such as coke available for sale needs to be determined 
so that the selling price of the byproduct truly reflects its value 
to the Company on the works.
The use of L.P. to determine such incremental costs, overcomes some 
problems which would arise if accounting costs were used. YJhen a 
product is produced by one unit of plant and subsequently used in 
another, the accounting procedure is to credit the area where it is 
made and to debit the area where it is used at some unit cost. If 
however one of these areas gets out of phase with the other, and, for 
example the area producing the product produces far more than the 
"using" area can absorb, then the accounting procedure does not pick 
up the unbalance and a vast stock can accumulate with a fictitious 
book value - fictitious because it has no meaning on the open market. 
In fact, the use of such erroneous costs tends to create this "out 
of kilter" situation.
Hence, because the incremental cost of making a byproduct available 
for sale can be accurately determined by L.P., L.P. can be a valuable 
tool in determining how big a portion of the potential market for 
a particular product we can economically supply.
New Plant Selection
In determining the type and size of new plant to be installed at 
Mortlake there are many considerations. Firstly it is necessary to 
ensure that the new plant will provide flexibility in operation.
In other words, a breakdown in any one unit of gasmaking plant 
must not be sufficient to interrupt the supply of gas to any consumer. 
Hence the quality of the gas produced in the new plant and the capacity 
of the new unit(s), must be sufficient to meet the expected needs 
both in quality as well as quantity.
63.
A further consideration in determining new plant is one of capital 
cost. The question frequently arises as to whether it is more 
economical to continue with deteriorating plant for say one more 
year, than to install new plant? Alternatively is it more economical 
to install a large unit in one year or to install, say, two smaller 
units over a longer period?
At A.G.L., the problems associated with new plant selection are 
tackled in two steps.
5.5.1 Type and Size of Plant
To determine how big a plant needs to be installed a series of L.P. 
studies are carried out for each of the possible new plants under 
consideration. These studies determine the minimum size of each type 
of plant which will satisfactorily meet the quality and quantity 
requirements of our complex.
It is interesting to note here, that the objective function in this 
L.P. has no relation to money, but aims strictly at minimisation of 
plant size for given failure conditions.
5.5*2 Economic Study of Potential Plants
Having determined the size of the various possible plants, an 
economic study is then made of operating costs for a number of years 
with these new plants assumed available. Again one series of L.P. 
studies is carried out for each plant being considered. In each study 
the objective function contains all truly variable costs, but excludes 
any reference to capital costs, since the size of plant is determined 
separately as shown in the previous section. Thus each economic study 
minimises the cost of operation of a particular plant configuration.
In order to give the correct money value to the different years 
studied, the technique of Discounted Cash Plow is used. This enables 
greater weight to be applied to costs incurred in the first few years 
of the plants life than to later years in order to reflect the earning 
power of the money. Capital costs are included in the year in which 
they are incurred.
5.4 Solution to General "What. If311
Prom time to time it becomes necessary to answer questions of the 
"what if" variety. What if price of oil feedstock changes - should 
we make more use of one plant and less of another? What if natural 
gas arrives six months earlier than originally planned - should we 
reform natural gas in all possible plants? What if the operating life 
of one gasmaking unit is suddenly reduced - how should we operate?
What if the rate of inflation suddenly increases - should we invest 
more heavily in new plant now?
These and many more questions can be answered by solution of cur 
linear programme and use of discounted cash flow. Due to the tremend­
ous-. flexibility which has been built into the LHortlake system, the 
change in one item either price or availability can be compensated 
for by changing other items. But with this flexibility has come 
increased complexity so that use of a linear programme is almost 
essential to ensure that no factors which may have an influence on the 
problem in hand are overlooked. 64.
6. OBJECTIVE FUNCTION IN L.P.
As stated above a linear programme determines a solution to a series 
of linear constraints such that a linear function, called the 
objective function is maximised or minimised.
What costs should be included in an objective function? In general, 
only truly variable costs should be included. Those items whose 
costs are made up of a fixed component and a variable component should 
only have the variable component included. Internal costs (such as 
described above with respect to accounting procedures) should not be 
included. Where possible, it is preferable to use ’causative’ cost 
models, i.e. values derived from plant characteristics rather than 
the blind fitting of regression lines to a variety of accounting data.
7. CONCLUSION.
This paper has endeavoured to outline in a fairly non-technical 
manner the ways in which scientific planning can be of assistance 
in aiding the process of management decision making.
Linear programming has been used at A.G.L. to plan the choice, 
installation and use of the Company's production facilities in a 
period of great change. The results of this planning can be seen 
in the almost complete transition from coal to refinery products, 
from carbonisation to catalytic reforming. As well as being less 
labour - intensive, the plant is now flexible and adaptable to 
many forms of exogenous change, including feedstock quality and 
price, the incidence of natural gas and growth rates of markets.
In arriving at this (reasonably) happy situation, Management has 
been able to see on paper the implications of many hundreds of 
alternative schemes, and m a k e  Sheir decisions on a far sounder basis 
■than'would otherwise have been possible.
A N  IRON ORE ALLOCATION MODEL
D. ROUDENKO
AUSTRALIAN IRON & STEEL PTY. LTD. - FORT KEMBIA
1. INTRODUCTION
As is well known, the Broken Hill Proprietary Company Limited 
is an organisation within which there are three major steelworks, 
viz., at Newcastle, Port Kerchla and Whyalla, and a plant at Kwinana 
producing pig iron. By the late 1970's a steelworks will also be 
operational at Westernport. The three most important raw materials 
required by the works for production of iron are iron ore, coal, 
and limestone. As will be explained later a particular allocation 
of iron ore from the quarries to the works has a bearing on the 
total annual output of hot metal (i.e. molten iron produced from 
the blast furnace). It also has a bearing on the cost per ton of 
hot metal produced.
The formulation and control of the Company's future 
planning is in the hands of the Production & Planning Departments 
at the Company's Head Office in Melbourne. One of the requirements 
of these departments is the production each year of a future planning 
program covering a ten year period, year by year, after the budget 
year. In the future planning program the Company forecasts the 
amount of hot metal that it considers necessary to make £.ach year 
to meet the forecast annual steel demand. Associated with the hot 
metal make is the allocation of iron ore necessary to meet the 
hot metal make.
This iron ore allocation problem is one of major dimensions, 
and the determination of an optimal solution was undertaken by the 
Systems Engineering Department at Australian Iron & Steel Fey. Ltd.,
Port Kembla.
This paper describes the formulation of the problem 
and the successful solution of one of its stages. It focuses 
attention on the use of the linear programming (LP) technique in 
solving complex allocation problems. It also focuses attention 
on the necessity for developing auxiliary routines before such a 
model, can be successfully used by management as well as by the 
developers.
2. THE INDUSTRY
Production of pig iron or hot metal is a thermochemical 
process in which iron ores of various types and processed iron bearing 
materials such as sintered ore (sinter) and ore pellets are used.
The iron oxides contained in these materials are reduced to iron 
in the blast furnace. Subsequently, the hot metal is used to 
produce steel, in either the Basic Oxygen Steel (B.O.S.) or the 
Open Hearth furnace.
Currently, there are four Iron producing works within 
the Company with a total of 11 blast furnaces in operation. There 
are four blast furnaces at Newcastle, four at Port Kembla (a fifth is 
due for commissioning later in the year), two at Whyalla and one 
at Kwinana. There are also plans for increasing the number of 
furnaces at each of the works in the future. A  fifth ironmaking 
works is also planned for construction at Westernport Bay.
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Iron ore currently comas from five sources, viz., Whyalla,
KooIyanobbi.ng, Mt. Newman, Koolari Island and Cockatoo Island. A 
number of "new sources" are also being considered for future 
development.
The operation of a blast furnace is constrained by 
material handling and charging equipment. Capacity and reduction 
rate vary from one furnace to the next. The suitability of a particular 
ore in a particular furnace depends not only on its cost but also 
on its chemical and physical properties and how easily it can be 
mixed with the other ores used to give a satisfactory ore blend.
The hot metal production of a furnace depends on the 
chemistry of the ore (i.e. 7„ Fe in the ore) and the size and 
strength of the ore. Very fine ore ("fines") is detrimental to 
production and steps are taken to screen all the iron bearing 
materials to some particular extent at each of the works. The 
fines are then used in making sinter. Sinter is the end product 
of a process which converts, at a high temperature, ore fines and 
other iron bearing materials of small, particle sizes, together 
with finely divided coke, into porous coherent lumps which are well 
suited for use in the blast furnace. Excess fines which are 
unable to be consumed by the sinter plant at the particular works 
have to be stock piled at that works.
Whyalla blast furnaces are not considered in this model 
as they operate on 100% Whyalla ore and therefore cannot enter 
into any optimisation. Whyalla works also produces partially 
reduced ore in the form of pellets some of which are available to 
other works.
3. OBJECTIVES
The initial objective of the project was to develop a 
model of the Company's ore mining and ore reduction processes in 
such a way that it would be possible to maximise iron production, 
either Company wide or at any given works, subject to meeting 
minimum production levels at the rest of the works. This results 
in an optimal allocation of iron ore to the ironmaking centres 
subject to the following broad constraints:-
i) Ore quarry operating levels, including availability 
of pellets.
ii) Restrictions on the availability of any particular 
ore type to a particular works.
iii) Sinfcer plant operating levels at each works,
iv) Lump ore requirements of a particular ore type by 
the steelmaking furnace.
v) Minimum hot metal requirements for each works,
vi) Availability of coke at each works.
It is this stage of the project which has been so far 
developed and successfully implemented, even though considerable 
work still has to be done in generalising aspects of the data input 
and generation of reports required by management.
Future development of the model proper will be to change 
the objective such that the allocation of iron ore will make it 
possible to produce the required amount of hot metal at each of 
the works at least cost to the Company. Also, the model will be 
expanded to assist in facilities planning to allow determination 
of the cost and consequences of locating new mines or new agglomerating 
plants at any given location. The model will thus also enable 
the assessing of economic consequences of exporting iron ores on 
the Company’s hot metal costs.
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4. DEVELOPMENT OF THE MODEL
4.1 Choice of Technique
Whenever a process involves the blending of a variety 
of materials within specification constraints, the application of 
LP techniques enables the producer to determine rapidly the optimum 
blend depending on some objective function. The usefulness of 
LP increases as the number of materials and the. complexity of the 
industrial process increases.
The problem of allocating iron ore from quarries to 
blast furnace involves precisely the sort of complex planning and 
control problems which LP is designed to solve.
Contrary to popular belief something more than a 
little mathematical knowledge is required to formulate an LP 
model designed to depict a complex problem, and most problems 
encountered in industry, particularly in the steel industry, are 
complex. For this problem it was also necessary to be something 
more than familiar with the operation of the computer and the 
structure and capability of the LP computer packages.
Linear programming requires the expression of all the 
elements in the process in the form of simple linear equations.
It became obvious early in the development of the model that a 
number of equations, (viz., average sinter rate and average smelt 
rate equations) are non-linear. There are three possible ways out 
of the predicament:-
1) To embark into highly technical research to develop 
a technique capable of solving the problem exactly.
2) To restructure the model so that it. will be capable of 
being resolved by the method of separable programming.
3) To "bend" the model slightly so that it can still be 
solved by LP so long as the answers were within 
acceptable error bounds.
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For practical reasons the choice lay between methods 
2 and 3 with method 3 being eventually selected. A  detailed 
discussion of this can be found in section 5.
4.2 Choice of Computer and LP Package Used by the Model
The model both in its current state and in the future, 
must be capable of being run on a computer at Melbourne, Port 
Kembla and Newcastle and eventually at Whyalla and Kwinana.
The Company currently has two CDC 3300 computers at 
each of the works at Port Kembla and Newcastle. As well, the 
Company has a terminal to the CDC 6600 computer situated in Sydney, 
at Port Kembla and at Newcastle and will shortly have one at 
Head Office in Melbourne.
OPAL is the only L P  package available on the CDC 3300 
machines. The model was initially run under OPAL and it was found 
that the elapsed time to produce a one year allocation would take 
approximately 1% hours. Apart from practically inhibiting, multi­
programming of the computer (being compute bound), this prevented 
proper development of the project through lack of availability of 
computer tine. The model was then converted to run under the 
OPTIMA I.P package on the CDC 6600 computer. By comparison a one 
year allocation takes l\ minutes under OPTIMA.
4.3 System Specification
The overall system commences with an edit routine 
which checks all the input data for the LP and creates a file 
containing this information. A  matrix generating program then 
aoeesses this information, creates the appropriate equations in 
standard OPTIMA format and whites the associated OPTIMA control 
program. Control then passes to the OPTIMA coding which solves 
the LP problem with the aid of a starting basis and several pre­
compiled programs. Several reports are also generated from each 
solution of the LP„ Fina’ly, all unwanted files and output is 
released and the reports and other standard output are stored on 
files for two hours, to allow post-analysis if required.
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The edit routine is supplied with data via pre-formatted 
cards. All input data is sorted initially using acard-code as a 
key and placed on a Scratch File, INFG-FILE. Each field is checked 
for legality according to its specification. For example, all 
numeric fields are checked to be numeric and to be within any applicable 
bounds as well as in accordance with any cross referenced information. 
Any ore arriving at an ironmaking centre is checked to see that it 
is an allowable destination for that ore and to see that it has 
been in fact sent from that particular quarry. All place names 
are checked as a legal destination or source of ore, as the case 
may be.
If the information is found correct it is transferred 
to a file (MAGEN) in a form compatible with the matrix generator. 
Simultaneously, a report on the information is printed, enunciating
,;:he data.
i:
If, however, the data does not pass the edit, the 
appropriate field is underlined and the card image printed with 
an explanation of the suspected error. In all cases of suspected 
errors a value is assumed by the program and this information is 
written onto the MAGEN-FILE and also included in the data summary, 
flagged by **ASSUMED**.
The matrix generator performs several unit operations 
to set up the entire LP System. Firstly, it generates the matrix 
in standard OPTIMA format. This is done simply by writing all the 
logical variable and structural variable name cards, as card images, 
onto the data file, A L L O C 1. Working within this matrix the program 
now accesses the edited information on MAGEN and produces all 
appropriate indirect, bound, range and right hand side cards which 
are then used to produce the relevant equations. Indirect values 
are initialised and subsequently changed, if required, for each new 
right-hand-side. The application control language (ACL) program 
is then generated subordinate to each right-hand-side. This may 
require the purging of the old Workfile, setting up a new Workfile 
with its associated range and bound sets, setting the appropriate 
right-hand-side, objective junction and scaling function, mapping 
in a starting basis and the recalling of PRIMAL.
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In accordance with the information supplied, the 
matrix generator produces the relevant equations depending on 
•whether: -
1) ore is screened at the quarry or shipped as run-of-mine (ROM).
2) a bedding plant exists at that centre.
3) an excess of "fines" is allowed at that centre.
All equations are set up as described later in the 
following sections.
Having completed the above program, control passes to 
the OPTIMA ACL program (written by the matrix generator). This 
program sets up all the indirect values, both for the L P  solution 
and report generators. It then maps in a basis and solves the LP
«
for each right-hand-side. After the initial solution of the LP 
control drops to an 'iterating' routine which adjusts all first- 
order approximations for non-linear constraints by recalculating 
the indirect coefficients in the matrix. Control then returns to 
the ACL program where PRIMAL resolves the LP. This procedure is 
repeated several times for each right-hand-side, until sufficient 
accuracy has been attained.
At this point several reports are produced using the 
current solution. Included in these reports are:-
1) A report on the t&tal ore of each type used in the solution.
2) The allocation (fines and lumps) for each ironmaking 
centre and the resulting iron production, sinter-make 
and any excess fines produced.
3) The shipment report (only printed at the end of the run) 
is updated from the current allocation.
4) The total reserve report is also updated. All these
reports are published onto a file TEMP which is printed
at the completion of the run. However, the final LP
solution in standard form is written onto a file
TEMP 1 (for each right-hand-side) and exists for two hours
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after the run to allow -a detailed post-analysis of 
the LP solution if required. A complete output from 
the LP run may also be obtained for up to two hours 
after the run from a file TEMP 2. This information 
is only obtained if required for debugging purposes.
If an infeasible solution results from a particular 
solution, at any time, a special report is produced which enables 
the user to correct his solution on the succeeding run. No 
further processing of the solution for that particular right-hand- 
side is obtained and control immediately passes to the next right- 
hand-side of the problem (if any).
4.4 Constraint Specifications
a) Quarry Constraints
Ore may be shipped from a quarry in either of two forms:-
i) The ore is shipped as run-of-mine (ROM), or,
ii) Screening of the ore at the quarry results in the ore 
being shipped as either lumps or fines.
Rescreening of the lump ore at the ironmaking centres 
produces a further fine ore proportion. The equations for the 
quarries are as follows:-
i) Distribution Equations
Obviously, the total ore distributed must fall within 
the operation levels of the quarry and hence the equation is:-
n
LOWER LIMIT OF OPERATION § T  ' (F? +  L?) § UPPER LIMIT OF OPERATEC I  x
i=l
where F;? — tonnage of fines of type i sent to location j .
L? =  tonnage of lump of type i sent to location j.
n — no. of locations served by that particular quarry.
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ii) Fines/Lumps Ratio
These equations reflect the mode of shipment of the 
ore type (i.e. ROM or Screened). If the ore is sent as ROM the 
equation will be:-




These equations simply sum the tonnages of "fines" 
and lump ore at each ironmaking centre.
i) Fines Balance
(1-X )*l J =  0i  i
where X^ — lump proportion of ore i when screened at
n
i=l
l  i i
where T~* — total tons of fines allocated to centre j.
— proportion of fines re-screened from the lump 
ore i at centre j „
I-i — tonnage of iron bearing additives in the 
sinter burden at centre j . These are 
essentially recirculative in nature.
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ii) Lump Balance
(1 - A1? ) * L? 
1 x
where R'̂  — total tonnage of roughs ( + V )  at centre j.
iii) Excess Fines Balance
This equation simply equates the total tnns of fines 
allocated to the sum of the sinterable fines and the excess fines 
for each centre.
directly into a blast furnace is detrimental to production. In 
practice any "fines" unable, to be consumed by the sinter plant 
would be stock piled. In the model they are treated as an ore 
type with a heavy penalty on production. Because the objective 
of the model is to maximise iron production, it automatically 
attempts to reduce the amount of "fines" to zero.
sinter rate which is determined experimentally. It differs 
markedly for each ore type and can be different at different sinter 
plants for the same ore type.
T-1 -  SFJ + XIJ
where SF^ =  sinterable fines at centre j 
XF~* =  excess fines at centre j.
c) Sinter Equations
As mentioned previously, "fine" ore when charged
The sinterability of fine ore is characterised by its
The sinter equations have the following form:
i) Average Sinter Rate =  " (SrJ * "L F ; ) -<D
ii) Sinter Production Av.SR * Hearth Area * 
Availability * Time
iii) Sinterable Fines =  Sinter * Yield - (3)
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Where F? -  tonnage of fine ore of type i at centre j, including 
rescreened lump and mill scale, flue dust, etc.
SR. — sinter rate of ore fines of type i at centre j.
From the above equations it is possible to determine 
the sinter production and the total consumable fine ore (i.e. 
Sinterable Fines).
linear. To overcome this, as in all other cases of non-linearity 
in the model, a first-order approximation to the equation at a 
'known' point is used. Later, the matrix is updated on the basis 
of the solution and the optimising routine PRIMAL recalled.
The first-order approximation equations are defined
as follows:-
Substituting (5) and (4) into equations (1) and (2)
we obtain:-
Obviously, the average sinter rate equation is non-
-(5)
-(4)
where X q is the initial estimate and A x  the probable 
error in the quantity (SR^ * F;?) and
Yq is the initial estimate and Z\y the probable
error in F^
Sinter =  k X
o
+  k A x  
Y
-k X A y o
Y o
o o
where k is a constant.
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The sinter production is then equated to total 
consumable fines.
After, an optimum solution is obtained, the estimates 
Xo and Yo are updated, and the PRIMAL routine recalled to determine 
the new optimum solution. This can be repeated until sufficient 
accuracy is .btained.
d ) Lump Distribution Equations
These equations distribute the lump proportion of the 
ore type (including pellets and sinter) to the individual blast 
furnaces. The lump proportion always allows for rescreening.
R3 =  ^  (LM.)
f=l
Where R? =  total lump ore of type i at centre j.
LM^ =  tonnage of lump ore of type i to furnace f. 
k =  no. of blast furnaces at centre j.
e ) Iron Production Equations
The iron bearing components of the burden charged into 
a blast furnace can consist of lump ore of various types, sinter, 
pellets, and at least theoretically, "excess fines". The contribution 
to the productivity of a blast furnace by each of the abovementioned 
components is depicted by assigning a smelt rate to each of the 
components. These smelt rates were determined experimentally by 
conducting a series of trials where a blast furnace operated on 
specified burdens.
Smelt rates for "new source" ores which are only being 
planned for mining can be determined by making an educated guess 
taking into account the ore's chemistry and physical properties.
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Having thus graded the ores on performance in a 
blast furnace, it only requires the knowledge of the average hot 
metal production rate of each blast furnace working on any given 
burden to be able to determine the hot metal make fcr any given 
iron ore allocation.
The iron make equations can be of two types, depending 
on whether the ironmaking centre has an ore bedding and blending 
plant or not.
i) Without a Ore Bedding Plant
The iron make equations are similar in nature to the 
sinter equations except that an average smelt rate (SMR) of the 
burden is calculated, rather than an average sinter rate.
The first-order approximation equations are identical
in nature to the ainter equations.
\
The following are the equations used for each furnace:-
d
n ,
Av. Smelt Rate =  >  ‘ (SMR. * % LM.)
L=1 . 1 1
Iron Make =  k * Av. SMR
Where SMR^ — smelt rate of ore type i
LM? — tonnage of lump ore of type i 
allocated to centre j
k =  conversion factor, for the particular
blast furnace, which depicts the geometry, 
operation and condition of the furnace.
ii) V?ith a Bedding Plant
When a bedding plant is in operation the resulting 
bedded lump ore will have an average smelt rate, and this lump 
ore as well as the pellets and sinter, may be fed to the furnaces 
to produce a further average smelt rate which will govern the 
production of each furnace. The average smelt rate for each 
furnace, f, is given by:-
Av. SMRf = Sinter * SMR^ +  Pellets * SMR^ +  Blend * (Av.SMI^) -(7)
Total lump to furnace f
The iron production for each furnace is then given by:-
Iron Production = Av. SMR * 1̂ -(8)
k
Where SMR - smelt rate of sinter 
s
SMR = st.elt rate of pellets 
P
SM^ = smelt rate of blend, and, 
lc = is defined as before.
Again, by taking a first-order approximation to 
equation (7) and substituting into equation (8) yields the equation:-
L*P +  (IH-S-K*F*Fer)*L +L*S + A S * B r + B  *AS - K*L*F*Fe 
a f a a fa f a fa
-K*L*Fe *F = K(-2E*L*Fe.) +  P'VL +  S*L+B *AS 
l a f f
Where L = Total tonnage of lump ore in bedding plant.
P = Tons of pellets * its smelt rate to furnace f.
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S =  Tons of sinter * its smelt rate in feed to furnace f. 
AS =  Tons of blended lump * its smelt rate for feed to 
furnace f.
F =  Total lump feed to furnace f.
K =  Constant
Suffix a denotes an expected value for these quantities.
£) Iron Balance Equations
The iron-make equations predict how fast the furnace 
can produce iron from a given blend of ore at their current (or 
expected) mode of operation and condition. However, a further 
constraint has to be imposed to ensure that enough feed is available 
to satisfy the stoichiometry of the ore. To this end a conversion 
factor Z is used to convert iron to the i*equested amount of ore.
The ore must be allocated ore and does not include sinter plaint 
additions and allows for sinter plant yields.
The conversion factor Z is different at each of the 
works. It is determined empirically and takes into account losses 
of ore due to spillages of various types, wind, etc.
The iron balance equation, for each of the works is 
of the form:-
n
> ~  LM-? =  Z * Fe
i=l 1
Also, lower bounds are placed on the hot metal production 
at each centre.
§) Coke Equations
The coke requirements are equated to the iron-make by 
the average coke-rate determined empirically at each ironmaking centre. 
This can be used as a constraint or as an indication for reporting purpose
Coke'* =  Total Fe^ * Coke Rate J




These constraints keep the phosphorus level in the iron 
below a specified level assuming no losses in slag, flue dust or 
in the sinter plant. The two constraining equations used are:-
n
FhosJ =  k (PL. +  PF? * Y) +  Coke PhosJ
i = l  1 1
P^ =  (phos^/.total iron‘d) * 100 S specified level.
Where l’hos'' — total phos. in hot metal.
k"* =  yield at centre j of phos. from furnace ore burden.
to hot metal.
jPL^ — phos. is lump ore i at j. 
PF? ~  phos. in fines ore i at j.
1
=  phos. yield from sinter plant.
Total Iron'' =  total iron production at centre j .
Coke Phos'' =  total phos. in coke at centre j.
P~* =  percentage phos. in hot metal at centre j.
i) Objective Function
The objective function has the form:-
P
(a. * HM.) =  maximum 
ik  1
Where P =  no. of ironmaking centres.
a. — constant. 
x
hot metal produced at centre i.
If the objective is to maximise total hot metal make 
in the Company, all a^ will be unity. If it is desired to favour 
one or more ironmaking centres at the expense of others then the 
a^ will, accordingly, be different.
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5 .  TREATMENT OF N O N -LIN EA R CONSTRAINTS
The non-linear constraints encountered in this model 
could have been handled by a powerful general method known as 
"Separable Programming". This method assumes that all the non-linear 
constraints can be separated out into sums and differences of non­
linear functions of single variables.
As a method, Separable Programming was rejected on 
two counts. Firstly, if ever a decision is made to convert and 
run the model on the Company's CDC 3300 computers under the LP 
package OPAL, it would not be possible since OPAL does not possess 
this feature. Secondly, if the method was adopted, as is possible, 
using the LP package OPTIMA, the size of the problem matrix would 
be more than doubled with a subsequent increase in computer time 
required and corresponding increase in computer costs.
The method finally, and successfully, adopted to handle 
the non-linear constraints was to substitute a first-order approximation 
at a point to the curve, for each of the non-linear constraints, 
and use the gradient at that point as the constraint for the first 
solution to the problem. After an optimal solution has been found, 
a routine is entered which takes the solution values of the var- . les 
in the approximating constraints (which will differ from the initial 
guessed values) and the actual points on the curves are recalculated 
using the exact constraints. A  new gradient is calculated for the 
curve at this "more exact" point and the LP routine is re-entered 
to determine a new optimum s olution. This routine can be repeated 
until the desired accuracy is achieved.
From actual results it would seem that the errors in 
the approximating constraints converge to zero slowly after the 
first few iterations, if in fact convergence to zero exists at all. 
However, in all computer runs so far, it was found that after the 
first solution and three subsequent iterations, the magnitude of 
the errors was less than 0.57o, which is more than acceptable for 
this application.
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6.__ COST-EFFECTIVENESS OF THE MODEL
The cost to date in salaries to staff engaged in 
developing the model is equivalent to two man years.
The cost of program development, i.e. computer costs, 
is a significant proportion of the total cost. To date 10,000 
system-seconds time has been spent on the CDC 6600 computer. The 
average computer run to produce a one year allocation takes 100 
system seconds - the current size of the problem matrix is 127 
constraints in 185 variables. The average computer run to produce 
a ten year allocation takes 400 system seconds.
The savings, or more appropriately, the value obtained 




Improved loading of existing facilities -
sinter plants and blast furnaces
Improved method of assessing the need, the size,
and the timing of capital expenditure on planned
facilities.
»
It is impractical to be quantitative in placing a dollar 
value on the abovementioned benefits. However, if it is conceded 
that the current model can save, say, one cent per ton of iron 
produced, then this is an annual saving of the order of $75,000, 
and this is being conservative to say the least.
The author is not unduly concerned about the inability 
to be quantitative in stating the cost-effectiveness of the model.
It is more important to note that management has 
assessed the usefulness and the need for such a model, and 
expressed willingness to implement it, in the planning, development 
and allocation of the Company's iron ore resources.
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INTRODUCTION :
Management is concerned v/ith the exploitation of business
opportunities. In its simplest terms, the problem is
one of increasing beneficial outputs (profits, goodwill
t
etc) , for a given level of input (Figure I) and, where 
possible, to understand the relationships between them 
so that the decision making process in company operations 




Projects, as independent units of work, which require 
resources and yield benefits, are the means for studying 
this relationship and for implementing any decisions 
based on it. Project formulation is consequently a 
vital planning activity bridging the gap between concept 
validation/opportunity analysis and execution of the
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resulting project. (See Figure II). It includes such 
activities as :
* Determination of acceptable project versions
* Identification of possible project outcomes
* Examination of the implementation requirements
* Selection of the "best" version of the project.
CONCEPT/VALIDATION PROJECT PROJECT
OPPORTUNITY ----------- _ v _ FORMULATION V-4 IMPLEMENTATION
ANALYSIS
FIGURE II
The financial success of projects appears to depend on 
the way in which cost-benefit analysis has been applied 
in determining their form and implementation requirements. 
Thus, project failures may well be due to inadequate plann­
ing rather than poor judgement in estimating costs and 
benefits. The method of project control could, for 
example’, seriously influence the financial outcome of the 
project by determining how quickly adverse situations 
(eg : project hold-ups) were brought to management attent­
ion!
The objective of this paper is to identify from cost-benefit 
considerations weaknesses in current approaches to project 
formulation and to recommend improved management aids in 
this field.
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At the time of project formulation there are three classes 
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FIGURE III
Examples of each class of cost and benefit may be found 
in the first stage (1) of an Instrument Shop Study carried 
out for Unilever (see Appendix A) in the U.K.
IDENTIFIED COSTS :
(i) Cost of the survey
(ii) Cost of data analysis
(iii)Cost of implementing and operating a Job Control and 
Processing System.
UNIDENTIFIED COSTS :
(i) Lost opportunities if instrument jobs were not submitted.
(ii) Competition for machines between jobs (Phase II included 
plans for machine scheduling).




May arise if more scientist involvement was required 
initially to minimize labour requirements.
IDENTIFIED BENEFITS :
(i) Savings in management time
(ii) Improved service (ie : user control of priority!)
(iii)Greater thruput for the same labour force.
UNIDENTIFIED BENEFITS :
(i) Administrative savings
(ii) Basis for machine scheduling
INTANGIBLE BENEFITS :
(i) Improved morale
(ii) Identification of future data requirements.
The approach adopted in evaluating projects is characterised 
by the way in which these classes of cost and benefit are 
used :
eg : I. Cost-Benefit Analysis :
(i) Unidentified costs/benefits treated as 
possible constraints.
(ii) Attempt is usually made to value "intangible" 
on some basis.
II. Project-Evaluation with Mathematical Models :
(i) Unidentified benefits/costs treated as
range of uncertainty. (c.f. use of risk 
analysis!)
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(ii) "Intangibles1 largely ignored, except as 
constraints.
Scope for improvement can be seen in the fact that neither 
method gives management a realistic interpretation of all 
the projects characteristics. What is generally necessary 
is a more exhaustive study of the range of project outcomes 
and the key factors determining their likelihood of 
occurrence, in conjunction with the use of mathematical 
models.
PROJECT OUTCOMES :
The object of undertaking a project is to achieve a positive 
financial result, although the balance sheet may require a 
value to be attributed to such imponderables as :
(i) New skills acquired
(ii) Patents obtained
(iii)Public and Government goodwill (eg : pollution problem 
has been solved!)
before any project would be judged a success or failure.
Project formulation, then, should reduce any uncertainty
associated with meeting this objective.
Where does the greatest uncertainty lie? - Unidentified costs 
and benefits, I suggest!
To a first approximation, then, the objectives of project 
formulation are :
(i) Minimization of unidentified costs
(ii) Maximization of unidentified benefits.
ORIGINS OF UNIDENTIFIED COSTS:
Ideally, this subject would merit a paper by itself, but 
the following factors are believed to be some of the more 
important :
(i) TIME DELAYS :
Consider a typical project life cycle A (figure IV).
A delay in completing the project will have three 
effects :
a) Defers the time at which benefits start to 
appear, i.e.: A^Liquidity problem could develop.
b) Reduces the likelihood that the scale of 
anticipated benefits is realized due to com­
petitive action.
c) Reduces the present worth of benefits.
The value of the project can consequently suffer con­
siderable reduction and even lead to a loss situation 
if cost escalation occurs.(e.g.: Rolls Royce 
Engine Division).
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(ii) ERRORS IN ESTIMATING :
The effect naturally depends on the seriousness of 
the errors and the profit margin on which the 
Company is working to. In recent years poor 
anticipation of the market interest rate on short 
term money has caused considerable problems with a 
tight liquidity position.
(iii)TECHNICAL DIFFICULTY :
Technical difficulty, while not necessarily delaying 
the project as a whole, may increase costs in many 
ways :
eg : a) increased staff or consultations required
b) expensive analytical instruments are necessary 
due to analytical problems.
(iv) GOVERNMENT ACTION :
More stringent requirements in respect of quality, 
performance etc,' may be imposed during the life of 
the project (eg : car exhaust ommissions), or former 
allowances may be withdrawn (eg : investment grants).
(v) INADEQUATE CONTROL MECHANISM :
Inadequate control in project implementation may take 
several forms :
a) Poor strategy (eg : lack of check points!)
b) Duplication of effort between departments
c) "Warning signals" identifying problem situations 
not being recognised due to poor project progress­
ing method (s) .
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Heavy additional costs are 'generally incurred if project 
control is inadequate.
EXPLOITATION OF UNIDENTIFIED BENEFITS
Possible methods for achieving unidentified benefits are:-
(i) Develop product earlier.
(ii) Sell or exploit accidental discoveries (spin-offI)
(iii) Create new ways of influencing the market. Thus, 
the Hills Hoist clothes dryer was developed as a 
compact, collapsible, sightly clothes line. How­
ever, in Australia and the U.K. it is being marketed 
as a combined clothes line and sunshade. It 
immediately appeals to a wider market!
(iv) Lobby for specific Government support, particularly 
for fledgling industries.
(v) Research new Project Management techniques.
With so many sources of hidden costs and benefits, it is 
wise to know for which situations the viability of the 
project would be critically dependent on such factors.
Four situations occur quite frequently in practice, but 
there will surely be more :
a) SCREENING PROJECTS
Screening of compounds or new product formulations 
for a specified activity (e.g. pharmacological 
action) often .involves difficulty in planning 
for the most effective project organization and 
resource deployment. A network approach to this 
problem (see figure V) has been evolved at Unilever(2) 
using three paramets for each activity :
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NETWORK ANALYSIS OF SCREENING PROJECTS
o - y




(i) Minimum time before a result is known
(ii) Probability of reaching or exceeding the 
desired level of activity.
(iii) Thruput for a given level of manpower.
COMPETITION FOR RESOURCES
Queuing,due to competition for resources, can be 
a major problem. The solution may require a rigid 
set of priorities from management, a full simulation 
exercise or the development of a 'Queue Ordering 
Formula' for dynamic control, (e.g. the Instrument 
Shop problem).
TECHNICAL CONSTRAINTS
Technical objectives defined too narrowly can be 
self defeating for two reasons :
(i) The objectives may be harder to achieve
(ii) Side - benefits may be lost. e.g. a plastic 
developed for house insulation may be a 
suitable packaging material!
On the other hand, the technical objectives may 
be too broad, It is often the case that a market 
need is known to exist (e.g. from market research 
or industrial surveys), but the 'best' project to 
satisfy that need is not immediately clear.
This is particularly true for products for which 
consumer beliefs are related only with difficulty 
to laboratory test methods.
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d) OFFICIAL PERMISSION
Whore radical advances are being made in technology 
(e.g. the Supersonic transport) official permission 
of some nature may be a critical determinant of 
commercial success. Costs may easily get out of 
hand in satisfying newly imposed standards.
In generalfthen^project determination should be 
concerned with the range of possible project outcomes 
rather than the relatively easily quantified benefits 
and costs associated with the one expected result.
In practice, it is helpful to include several ver­
sions of the project for consideration of possible 
project outcomes and to treat the project evaluation 
step as the selection of the 'best1 version.
PROJECT EVALUATION
(3)Cost / Benefit analysis is based on such questions as :
a) Which costs and which benefits are to be included?
b) How are they to be valued?
c) At what interest rate are they to be discounted?
d) What are the relevant constraints?
As currently applied it appears to suffer from certain
limitations :
1. Only identifiable benefits and costs, but including 
secondary items, are actually used in the analysis.




3. Interaction between different classes of benefit 
are ignored in the Discounted Cash Flow (DCF) 
calculation.
4. Risk analysis is difficult to apply directly.
5. Mathematical consequences of the DCF formula 
are not considered in full.
Refinement of the DCF calculation, mathematical modelling 
and other techniques should consequently be explored more 
frequently to overcome such weaknesses.
Discounted Cash Flow Calculation :
Some problems in using the DCF technique for projects
with unusual cash flow profiles have recently been solved
(4)by Joe Kruithof . The mathematical treatment provides 
solutions to those cases where a 'second phase' of invest­
ment follows the receipt of some benefits, but the discount 
rate to be applied to this investment is less than the 
discounted rate of return of the project.
Mathematical Modelling :
Significant benefits for project evaluation stem from the 
use of mathematical models. Since the early sixties, 
growth in this area has been spectacular :
(i.) BENEFIT ESTIMATION
For many projects a sigmoidal growth of benefits can 




The problem, then, is to determine the parameters for 
this curve for a particular project. Essentially the 
method of choice is likely to be :
a) Establish a procedure for determining the theore­
tical maximum benefits.
b) Relate the likely achievable benefits to this 
maximum on a yearly basis.
From a study of the mechanisms of the transfer of tech- 
nology, BISRA evolved a model in which the rate of
spread of a technology through an industry would follow 
a logistic growth curve.
dP = k. P(1 - p)
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Thus, the proportion of firras innovating over a small 
period of time (dT) will be proportional to the frac­
tion of firms 'at risk' and the pressure to innovate 
represented by the fraction which have innovated (P). 
The proportion of firms which will have innovated after 
time T can then be described by the logistic :
Thus, the achievable benefits of a new technology can be 
calculated using the BISRA model. Actual benefits realized 
will depend on such factors as : -
* Correct identification of project outcomes
* Market Coverage
* Competitive action (product launches etc.)
* Quality of service.
The modelling approach to benefit estimation is likely 
to prove increasingly popular :
a) Contribution from any source can be modelled.
b) Current market information can be used to estimate
*
the required parameters.
c) Provides directly observable Project Control criteria. 
PROJECT ANALYSIS
Several outcomes (project versions) for the project may have 
been identified. The problem, then, is to represent and 
analyse a series of multichoice investment decisions to 
be made over time. The decision tree approach was deve­
loped ^  for this purpose. Consider the use of a Decision 
Tree to analyse investment alternatives for a New Product 
introduction ^  (see figure VII). The version that maximizes 
the expected NPV of the entire decision tree is deemed to be 
the optimal policy. 101 •













For a large 'tree’ the numerical calculations 
become excessive and recourse should be made to 
'Dynamic Programming', which is essentially a mathe­
matical theory of multistage decision processes. 
Mathematical models employing the principles of 
dynamic programming offer three tangible advantages:
* Economy in formulation with all possible 
outcomes covered.
* Readily adapted for computer solution.
* Readily extended, e.g. stochastic decision 
processes and adaptive control.
(iii)PROJECT SELECTION
Selection of the 'best' version of the project may 
not always be possible in the 'Project Analysis' 
step.
Thus, there may be a gap in the product range that 
needs to be filled and several possible technical sol­
utions exist, (e.g. aerosol V liquid application!) 
Alternatively, there may be resource limitations 
depending on the requirements of other projects. Under 
these circumstances project formulation may culminate 
in a 'PROJECT SELECTION' model, in which the total 
resources available are allocated between several 
projects to give the highest total return. Naturally, 
versions of the 'same' project will be mutually ex­
clusive. Linear programming and integer programming 
models have been developed to meet this need. Their 
major features are : -
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a) Selection between mutually exclusive project 
versions.
b) Several time periods are considered.
c) Marginal value of increasing or retraining 
staff or purchasing equipment is given.
iv) RISK ANALYSIS
Investment decisions are characterised by a high 
degree of risk. (e.g. the totcil market may decline 
or the product is superceded!) Unlike mistakes 
in inventory decisions, however, investment de­
cisions cannot be corrected in a short period-of 
time. Considerable effort has consequently been 
expended in developing mathematical techniques for 
evaluating the effect of poor estimates. Thus, 
benefit and cost distributions have been combined 
by means of the Monte Carlo technique, stochastic 
decision trees have been developed for the analysis 
of investment decisions and project selection models 
are available which allow probability distributions 
for benefits, costs and required resources. 
Management now have at their fingertips :
a) Expected return (NPV) of a project version
b) Probability distribution for the NPV
c) Sensitivity of the result to assumptions re­
garding the type of distributions selected.
Using concepts such as 'utility' and 'risk aversion' 
decisions may then be reached which reflect the 
individual managers' attitude to risk. Nevertheless,
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risk analysis by means of mathematical modelling is 
one of the most difficult results to 'sell' to manage­
ment.
So the question to be asked is : "Are we really 
doing our job well in this area of risk analysis?"
If half the effort expended in this field were de­
voted to reducing the total uncertainty (e.g. 
by buying information!) would management have greater 
confidence in our recommendations? I believe so!
The reduced variance would certainly be a major 
factor! A practical study of the accuracy of fore­
casts in novel projects is of interest in this connect- 
(8)ion . In general, the financial outcome is most 
sensitive to sales volume and selling price. Detailed 
analysis of the uncertainties associated with these 
variables is consequently justified during project 
formulation.
e
Another cause for concern is the common assumption 
that benefit and cost distributions are independent. 
Social costs and benefits are likely to be signifi­
cantly correlated.
Mathematical modelling, then, while a major tool in 
the manager's armoury should not be used indiscri- 
minantly.
PROJECT CONTROL
The need for expert project management in the faice of 
inflation and increasing competition is generally accepted
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Frequent re-allocation of resources (men, money, machines 
etc.) is necessary to offset unexpected delays, reversals 
and charges in strategy. Not surprisingly then, the 
development of improved network planning methods and 
predictive relationships between present status and 
final outcome is of paramount importance.
There are two basic approaches :
1. Use of criteria/checkpoints developed during project 
evaluation.
2. 'Hindsight exercises' on similar projects to identify 
critical factors, which are then monitored. (1)
Commonly used criteria are :
a) Time (e.g. CPM, PERT)
b) Cost (actual V budget)
c) Technical progress.
However, due to the dynamic nature of the market place, it 
is likely that mathematical models incorporating a project 
schedule will soon supplsint such primitive techniques by 
offering instantaneous readout of :
i) Cumulative added value
ii) Project payback period
iii) Potential queuing problems
iv) Skill shortages
Even in the research and development field where economic 
uncertainty is compounded with technical uncertainty, there 
have been considerable developments in Management Information 
systems ^  and planning tools.
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MANAGEMENT AIDS
The creation and development of aids is an important 
contribution of O.R. scientists to management effect­
iveness. Management aids are generally readily accepted 
and may have one or more of several functions : 
e.g. i) Communication Aid
ii) Diagnostic Tool
iii) Control aid.
Essential considerations for the design of any planning aid 
are stated, below :
1. Does it force a choice?
2. Does it give adequate information on the implications 
of that choice?
3. Is the information provided actionable?
4. Are there suitable criteria for evaluation purposes?
5. Is it simple to use and easily comprehended?
6. Is the 'visual impact' effective?
Choice of Aids:
Figure VIII demonstrates the use of a management aid for 
relating the most appropriate planning tool to the desired 
objective). Naturally, there is scope for new aids offer­
ing alternative combinations of benefits.
Uses of Management Aids :
Possible uses of management aids in the field of project 
evaluation will now be considered :
1. Ranking Cost and Benefit Classes :
A plausible method of comparing the costs and 
benefits of multiple project outcomes is shown in 
figure IX. Where there are multiple classes of 
benefit and cost the frequency with which each may 
occur could be useful diagnostic information.
O 
td






























Ratio - Estimating :
Graphical aids relating capital and operating costs 
to plant thruput.
Cash Flow Diagrams :
Diagrams showing Payback time, Equivalent Maximum 
Investment Period and the Interest Recovery Period 
are useful management aids for concerns whose main 
wish is to achieve a stable cash flow position.
Intangible Benefits in Project Evaluation :
The problem of including intangible benefits in 
project (version) selection is a very real one. There 
are two common approaches to overcoming the problem:
a) Assigning some monetary value to the 'intangible' 
items based on the minimum equivalent social bene­
fit. Considerable experience would be necessary 
before this should be attempted.
b) Defining a profile of project benefits :
Management aids representing the benefit profile 
of each project version (see figure X) would permit 
rapid identification of that version giving the most 
desirable (pre-defined) combination of intangible 
benefits. Visual comparison is extremely valuable
• where a trade off is involved between total dis­














m o r a l e
As the techniques used in project formulation increase 
in sophistication (e.g. simulation, serial correlation, 
adaptive forecasting), there will be a corresponding 
requirement for improved aids for presentation of 
the choices and results to management.
Fortunately, the technology for graphical display 
of and interaction with computer output is now 
equal to the challenge, so it will no longer be 
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INSTRUMENT SERVICE REQUIREMENTS OF UNILEVER RESEARCH 
LABORATORY, PORT SUNLIGHT
STAGE
Industrial research relies for a profitable outcome on the 
successful organisation, selection and synthesis of results 
from many sources, including specialist services. Inadequate 
consideration of ancillary service requirements can materially 
affect the productivity of research in such ways as:-
1. Project delays Possible reasons are seasonal demand, 
high total demand in relation to the 
capacity available and inadequate job 
scheduling.
2. Biased project 
Selection
Ideas/strategies requiring specialist 
services may not reach the stage of 
overt consideration if such services 





Severe pressure on a section can lead 
to a short term position and the 
planning of future skills required 
may suffer.
4. Wasted resourc­
es Can arise if the capacity of the 
service section is greater than the 
actual service requirement.
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It is consequently important to determine the origin of 
demand on a service section and the uncertainty associated 
with this demand. Methods can then be developed for:-
(a) Monitoring the situation continuously to identify 
long term pressures.
(b) Regulating the pattern of demand in a pre­
determined way.
(c) Determining a proper size for the service section.
(d) Improving the efficiency of the service system.
The particular study described here concerns the instrument 
service requirements of URL/PS.
INSTRUMENT SERVICE CHARACTERISTICS
A preliminary survey of management opinion (scientific 
sections) regarding the state of instrument service was first 
made by questionaire (Figure 1). It revealed acute competition 
for instrument service, corroborated by the extent of the 
outstanding job load.
The reasons appeared to be:
(a) Rapidly increasing maintenance load.
(b) Trend to more sophisticated instrumental methods
in the cause of better reproducibility and control.
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Examples of increases in required electrical parameter 
accuracies reported (*) for common types of test equipment 
include the following:-
INSTRUMENT CLASS TYPICAL PARAMETER ACCURACIES (%)
1950 19 62
Oscilloscopes 0.25 0.01
DC Power Supplies 0.1 0.005
Voltmeters 0.1 0.001
(c) High level of technical competence stimulating 
requests for advanced feasibility studies.
4
(d) A rapid increase in research personnel unaccomp­
anied by a corresponding increase in the size of 
the instrument shop.
(e) The absence of a rational mechanism for allocating 
priorities to requests for instruments.
The limited data available supported these opinions. On the 
basis of this preliminary analysis certain recommendations 
were made:-
I Scientist responsibility for the practicability of the 
final instrument design.




III Greater use of contract servicing.
IV Wider use of preventative maintenance.
V Introduction of a Queue Ordering System.
These measures have been implemented. The expected benefits 
were:-
I More precise instrument specifications, i.e. ultimately 
more 'successful' instruments.
II Better financial control and better planning.
III Release of skilled manpower for instrument development 
work.
IV Control of the total maintenance load.
V Improved utilisation of labour by suitable choice of 
queue ordering formula, e.g.
(a) The potential usefulness of construction kits is 
likely to be investigated more thoroughly.
(b) The modular principle of construction may be 
adopted more frequently.
(c) More interest may be shown in sub-assemblies that 
can be obtained externally.
(*) 'R&D Equipment Management - A New Functional Area' by W.R. 
Amesbury Jr. , Eleventh Annual International Meeting of the 
Institute of Management Sciences, Pittsburgh, U.S.A.
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(d) Interest should be stimulated in the activities 
of SIRA, the NPL and other specialised groups 
in the field of metrology to supplement the 
expertise of the instrument section and thereby 
reduce the experimental period involved in 
'feasibility jobs'.
(e) Laboratory management can obtain a more realistic 
picture of the true pressure on the instrument 
shop.
EXPERIENCE IN OPERATING THIS JOB CONTROL SYSTEM
1. Well received by the instrument shop/scientists, i.e. 
improved communications.
2. Providing useful management controls (queue order, total 
job load outstanding).
3. Section managers have generally welcomed the information
provided (Figure II). Often leads to post-mortems of
job delays or heavy expenditures.
i' .4. Low operating cost (ca ^ 140 p.a. for the basic service).
ANALYSIS OF INSTRUMENT SERVICE DATA
(i) Figure III shows the annual revenue expenditure by each 
scientific division for the years 1965-1967 plotted 
against the labour component of this expenditure.
(ii) For the three years 1965-1967 there also appears to be 
a correlation between the number of qualified staff and
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the proportion of the laboratory budget spent on 
instrument service (c.f. Figure IV). It is thus 
possible to say what resources will need to be 
allocated for instrument service to maintain the 
current level of service.
(iii) The outstanding job load fell considerably after 
the introduction of the queue ordering system.
Part of the fall can be attributed to concomitant 
organisational change, however. More significantly, 
there is no evidence that the range of instrument 
job submitted to the instrument shop has been 
adversely affected.
SUMMARY OF ACHIEVEMENTS TO DATE
1. The queue ordering system is operating satisfactorily 
and information is now being generated, which will 
enable future needs to be assessed more precisely.
»2. Instrument completion dates can now be projected.
3. Closer financial control of instrument job progress is 
being exercised by job sponsors/section managers.
4. The instrument service data for 1965-1967 has been 
shown to have a definite structure. The size of the 
instrument shop can be projected in the short term 
from a knowledge of the laboratory budget and proposed 
staff recruitment.
5. A scheme is in operation to control the total maintenanc 
load on the laboratory.
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6. Experience in operating the current system has
revealed other ways in which the effectiveness of 
the instrument shop might be improved, e.g.
(a) Redistribution of the resources within the 
instrument shop between the various functions.
(b) Reduction of the administration/clerical burden 
using modern data processing techniques.
(c) Value analysis of instrument parts.
BENEFITS REALISED TO DATE
(i) Savings in management time
(ii) Administrative savings
(iii) Improved service
(iv) Identification of future data requirements.
FUTURE DEVELOPMENTS
1. Further analysis of the data to assist management to 
plan the most effective allocation of resources
between the three functions; instrument design, instrument 
development and maintenance.
2. Extension of the job progressing system to give research 
management more effective control. The proposed system 
will be described in another paper .
3. Simulation studies of the influence of the queue ordering 




In this paper I have attempted to describe,
(a) The reasons for determining specialist service 
requirements.
(b) The approach adopted.
(c) The underlying structure of the available data.
(d) Preliminary results on the influence of a queue 
ordering formula on the job queue characteristics,
(e) The specific benefits to be derived from the 
implementation of a job control system.
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FIGURE 1
TRANSCRIPT OF INTERVIEWS RE WORKSHOP FACILITIES
QUERY NO. RESPONSE SUPPLEMENTARY
COMMENTS
Does the projected use II:
i iof the instrument shop 
for 1967 still hold?
Is the future pattern 2 i
of work (demand) likely to 
be similar to that in 
1965-1966?
. i
Extent of latent demand: 3 
n Fold x (Current jobs
|with the workshop)
Is scientific choice 4
affected by the limit­
ation on workshop capacity?
I j
Are you satisfied with the ;5 : 
present arrangements for I
1obtaining service from the 
workshop?
■
If the reply to (5) is yes, 6 
would there be any objection 
to the introduction of a 
Queue Ordering System
Should job requisitions for 7 







INSTRUMENT SERVICE .SUMMARY FOR SECTION MANAGERS 
SECTION: PHYSICAL CHEMISTRY LOCATION NUMBER: 94 8
INSTRUMENT SERVICE RECEIVED DURING AUGUST 1968
MAINTENANCE/SUNDRIES PROJECT WORK TOTAL' SERVICE
2.25 4.71 6.96
Project Work includes instrument development work on revenue and capital 
account. The units of effort recorded here are man-weeks
Available effort this month = N man weeks 
JOBS IN THE INSTRUMENT SHOP 
JOB NUMBER TITLE SPONSOR LABOUR MAT. STATUS
'1519 GLC INLET SAMPLE SYSTEM G.N. HURD 35 355 L
1522 TWO PADDLE STIRRER SYSTEM A. GRIFFIN 45 20 L




D = Design stage: Q = Waiting for quotations: X = Capital applied for but not 
yet sanctioned:
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ESTIMATING OBSOLESCENCE IN AUTOMOTIVE PARTS AND ACCESSORIES
1. INTRODUCTION
1.1 STATEMENT OF PROBLEM
In Ford Australia program planning and budgeting is a well 
accepted mode of planning and control. In this context quan­
titative cost benefit analysis for evaluation of competing 
alternatives is practiced by finance staff groups examining 
facility expansion, marketing and product planning programs.
The notion that a cost benefit approach has specific applica­
tion to operational situations is not so generally accepted.
We have choscn to model the inventory case history described 
hero in a way which gives visibility to the costs of operation­
al judgements. The models have been incorporated in a com­
puter based inventory management system which has realised 
substantial savings in investment. The balance of the work 
is incomplete to the extent that the benefits resulting from 
prompt service have not received similar scrutiny.
1.2 BACKGROUND
The ability to provide ready replacement of automotive spare 
parts is considered to be vital to ensure customer satisfaction 
which in turn is expressed in new vehicle purchase.
This policy is reflected in the vast range of parts carried in 
inventory, a willingness to supply for many years after the 
vehicle is last manufactured and to service better than ninety 
percent of requests from stock.
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Many parts and accessories exhibit fashion demand, many involve 
substantial setup and tooling costs compelling infrequent or 
all-time manufacture early in the lifetime of the item.
These policy pressures have tended to spawn replenishment pro­
cedures, which fail safe by overstocking. When these pro­
cedures are coupled with the demand uncertainties parts obsoles­
cence is inevitable.
In order to realise the benefits of modelling parts and access­
ories' demand histories, the models have been incorporated into
4
a mechanised obsolescence system along with company rules for 
categorising obsolescence conditions. The system :
a) Provides reports to enable the most efficient identification 
and removal of surplus stock.
b) Provides an accurate valuation of the surplus stock for pro­
fit analysis.
c) Facilitates avoidance of future surplus by ensuring that 
ordering actions are reviewed and that all-time requirements 
are not exceeded.
1.3 BENEFITS
The benefits achievable through the accurate estimation of obsol 
esccnce and all-time requirements over the full range of parts 
and accessories stocked in a warehouse can be summarised as 
follows.
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1 . 3 , 1  REDUCED STOCK-HOLDING COSTS
Reduced stock-holding costs due to reduction in :
a) Interest loss on capital previously held in inventory.
b) Warehouse space used to the extent that this could 
justify delay of capital expenditure on warehouse 
expans i on.
c) Administration costs; by removing some parts from day- 
to-day records and elimination of double counting of 
obsolete pc.rts at annual stocktaking and handling costs.
d) Insurance#
1.3.2 IMCREASEP REVENUE
Increased revenue due to :
a) Parts sold as scrap.
b) Parts sold cheaply in special sales programs.
c) Parts sold now which, in future, may become unsaleable.
d) Taxation benefit by being able to accurately value irret­
rievable obsolescence and do so promptly.
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2, MODELLING OF PARTS’ DEMAND
2.1 GENERAL FORM OF A PART'S LIFETIME
On analysing extensive samples of parts' demand history taken 
from every category of inventory, we have found that the life­
time of a part goes through three distinct phases. The dura­
tion of each of these phases varies considerably from part to 
part. These phases are depicted in figure 1.
DEMAND
FIG. 1 TYPICAL PART LIFETIME
PHASE 1 - is usually a short period in which demand increases 
rapidly; in limiting cases this phase does not 
even exist, as demand hits a peak in the first 
year of selling and declines thereafter.
PHASE II - is the stage when there is essentially constant 
demand for the part; with no apparent trend and 
only random variation about a mean.
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PHASE III - which is the stage we are most concerned with, 
may take any one of many declining forms, 
depending on the use, charasteristics and model 
applications of the part.
There are two distinct categories of parts to be modelled, 
each requiring a different approach.
a) Parts with extensive recorded demand history for which 
an obsolescence condition is most likely.
b) Parts with little or no demand history available. 
Frequently these are new parts which we would not yet 
expect to be obsolete. Nevertheless, by making good 
initial buys for these parts, future obsolescence can 
be minimised. Some of these parts are one-time buy 
(or build) parts for which an estimate of all-time 
requirements, based on the life patterns of similar 
categories of parts, can be very valuable.
2.2 MODELLING DEMAND WHEN SUFFICIENT HISTORY IS AVAILABLE
2.2.1 DETECTION OF PHASE III CONDITION
A part's history needs to be firstly examined to confirm that 
it is in Phase III of its life, the tapering off period. Tho 
part is submitted to the checks outlined below and if it 
fails any of them it is by-passed and modelled according to 
the approach described in Section 2.3.
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a) The part must have at least four years of demand 
history for the fitting techniques to be appropriate.
b) If the ratio of current demand to total demand to 
date is 2% or less, vigorous activity on this part 
is extremely doubtful and it can be safely con­
sidered to be in Phase III of its life.
c) The demand history should not show an upward trend, 
as the part concerned would clearly not be in Phase
III of ils lifetime.
d) It must have at least three years of demand history 
beyond the break-point, or year in which the pattern 
apparently begins to fade.
2.2.2 MODELLING A PHASE III DEMAND PATTERN
After detailed study of many hundreds of parts' histories in 
Phase III condition, three basic modes of decay have been 
detected, rapid, slow, or medium.
Further analysis revealed that these patterns become more pro­
nounced when the logarithms of the demand data are plotted 
against the logarithms of the years for which the demands were 
recorded. Throe families of mathematical curves the ellipse, 
the exponential and the parabola best describe the rapid, slow 
and medium decay modes. 133.
For example -
For demand data with a "medium" declining 




The general form of the parabola is ~
2y = yQ-  ax
now, since the curve passes through the point(xo,0), solving 
for the constant "a" yields -
/ 2 a = y /xJ o o
and thus the parabola has the form -
y = yo - (y0/xo)x2
When used for all-time requirement forecasting, tho parabola 
relates the logarithm of demand to the logarithm of time for 
all years after the year of peak demand for a part. Therefore, 
if "s" represents the forecasted demand over time "t", the 
demand - time relationship is -
log s = yo - a (log t)
or, equivalently -
y - a (log t) 
s(t) = 10 0
now substituting for "a" gives -
yQ - yQ/xo <log t ^2s(t) = 10 ° 0 0
hone e
y ( 1 - ((log t)/ x ) ) 
s(t) = 10 ° 0
Where : y^ = log (demand in peak year) 
x q = log (year of zero demand)
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The value of x q is varied in yearly increments for fifteen 
years, say, beyond the year in which the last demand was 
recorded. This gives fifteen different parabolae. The best 
is obtained by choosing the one which gives the smallest error- 
term. The error-term is calculated as the mean absolute 
deviation between forecast and actual demands.
In general a similar procedure is repeated for Phase III of a 
part’s demand history using in turn elliptic, parabolic and 
exponential decay models. The respective demand - time 
relationships are given below -
yflA  - dog t )2
s(t) = 1 0  ’ Rapid Decay
y (1 - ((log t) /x_)2) 
s(t) = 10 Medium Decay
y (1 - t/x ) 
s(t) = 10 Slow Decay
The model chosen for demand projection is that which gives the 
least moan absolute deviation.
This function may then be used to calculate annual projections 
until the demand drops to zero. In practice, however, pro­
jections are more frequently made to a cut-off level determined 
by economic considerations.
The all-time requirements of the part being studied are obtained 
by summing the annual demand projections from the present up to 
the cut-off point.
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A part is obs olete if the inventory exceeds all-time require­
ments. If, however, the all-time requirements exceed the 
inventory an all-time buy could be appropriate for the part.
An all-time buy is usually made for a part when the difference 
between the inventory and the all-time requirement approaches 
some economic order quantity. At this stage a final order, 
or all-time buy, is made based on these economic considera­
tions. This generally occurs, in the latter half of the 
service period of a part.
*
There are large numbers of parts, usually made in plant, where 
large investments are involved in tooling and dies. In these 
cases the all-time buy, or build, quantity has to be decided 
early in the life of a part, and may even be a case of a one­
time buy or build.
2.2.2.1 EXAMPLE OF MODELLING PROCEDURE
The following is a typical part in Phase III of its lifetime, 
with portions of a computer analysis reproduced below.
PART : VALVE ASSEMBLY C3AZ 9352 A





1970 76. ENDING INVENTORY IS 633 0 PIECES
MEAN ABSOLUTE DEVIATIONS
ELLIPSE : 10.279 
PARABOLA : 7.366 
EXPONENTIAL: 8.525
... BEST FITTING MODEL IS THE PARABOLA ...
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ALL-TIME BUY/OBSOLESCENCE ANALYSIS FOR VALVE ASSEMBLY




















EXPECTED ALL-TIME REQUIREMENTS = 145
PREVIOUS ENDING INVENTORY OF 633 0
EXCEEDS ALL-TIME REQMTS OF 145 BY 6185 UNITS
If Iho cost-price of each part is 20^, say, then obsolescence 
of $1200 is implied. Analysis of this sort suggests that 
obsolescence in a warehouse of 100,000 stock lines can be 
immense. By analysing a representative sample of stock cate 
gories wo have been able to estimate quickly the order of mag 
nitude of the obsolescence and make a rough valuation of the 





2.3 MODELLING DEMAND WHEN INSUFFICIENT HISTORY IS AVAILABLE
2.3.1 GENERAL PROBLEM OF NEW PARTS
From the experience obtained in modelling representative sam­
ples of demand history from the total inventory, we found it 
possible to specify the demand pattern of an auto part or 
accessory with reasonable accuracy, using three parameters.
These are :
a) The year in which peak demand occurs.
b) The value of the peak demand
*
c) The type of decay in demand after the peak demand.
For parts with insufficient or inappropriate data for fitting, 
assumptions can be made about the three parameters and the 
peak value for demand can be declined exponentially to give a 
conservative estimate of future requirements. In this 
approach we assume that peak demand is reached immediately 
the part is stocked and that this demand is maintained until 
Phase III of its lifetime. This crude approach contains sub­
stantial concession to the stocking enthusiast.
Prior to this, lacking advance information on the order of 
magnitude of expected demands, especially for new parts, the 
task of making realistic initial buys for large numbers of 
these parts has proved extremely difficult. In order to 
fail safe the tendency has been to grossly overstock. The 
extent of this overstocking, which can be compounded by mech­
anised ordering systems, is often only realised when Phase III
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of parts' lifetimes are entered and by this time huge penalties 
have been incurred for a number of years.
2.3.2 ESTIMATION OF DEMAND PARAMETERS
We have found that the three parameters needed to model the 
demand pattern of a part depend on the function of the part­
icular part in a vehicle. By observing groupings of parts 
with considerable history which belong to various functional 
categories, it is possible to find characteristic value's of 
the parameters for each functional category. Thus, by know­
ing the category to which a new part belongs, it is possible 
to make useful assumptions about its expected lifetime demand 
pattern.
Consider two such function categories by way of example.
CATEGORY 1
Functional parts, are those parts whose function is so import­
ant to the operation of the vehicle that we must retain them in 
stock for a fairly lengthy period even though the demand has 
become negligible.
Consider a car, truck or tractor that is seven years out of pro 
duction, i.e. 7 years since the last of that model was assemble 
For such a vehicle a customer expects to be able to be supplied 
wi th :
Brake, steering and engine components 
Mufflers and pipes 
Transmissions gears and bearings
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These then are what we consider to be functional parts. For 
such parts we apply a gradual exponential decline to bias the 
system toward ensuring service.
CATEGORY 2
On the other hand, if the customer needs the following parts :
Ornaments and mouldings
Body panels and glass
Fenders, boot lid and hood
Chassis brackets, fuel and brake lines
4
They can be repaired, improvised, obtained from wreckers or 
neglected. These non-functional parts tend to reach peak 
demand quickly and then fall off quickly, so we apply a rapid 
exponential decline after a relatively short period of peak 
demand.
Thus by categorising new parts according to their function we 
can define and estimate :
a) - the year in which peak demand occurs
b) Z0 - the decay factor describing the type of
decline in demand after peak demand has 
been reached.
c) Speak — peak demand expected for a part
2.3.3_MODE! LING DEMAND
Having estimated the parameters for the type of part under con­
sideration we mode] the demand as follows :
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a) If the year of peait U. t’uianu. umw
current year Y Zn , then we calculate the demand "S"now^ l
as follows -
-z9 ( t - Z j
S(t) = S . .10  ̂ 1peak
b) If the peak demand has not yet been reached, i.e. if
the current year Y <  Zn, then we calculate the J now 1 *
demand "S" as follows - 
S(t) = Speak
This procedure is illustrated in Fig. 4 below
DEMANDs DEMANDS
PEAK
----> * T I M E
NOV/
PROJECTIONS FOR A NEW PART PROJECTIONS FOR A PART WITH
WITH NO DEMAND HISTORY. INSUFFICIENT PHASE 111 HISTORY.
PIG, 4 DEMAND-TIME RELATIONSHIPS
Once again, the all-time requirements of such parts are 
obtained simply by summing the annual demand projections from 
the present time up to the cut-off point.
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3_t__A MECHANISED OBSOLESCENCE SYSTEM
3.1 STATEMENT OF REQUIREMENTS
The bask of screening, checking functional use, fitting of 
demand patterns and reporting on 100,000 stock lines is man­
ually infeasible because of timing restrictions. Manual 
systems of obsolescence estimation must necessarily be res­
tricted to samples of the total number of stock lines with 
extrapolation of the obsolescence over the total inventory.
One of the most unsatisfactory aspects of such a scheme is 
that it is designed to fail safe by overstocking.
In order to achieve effective use of the modelling techniques 
described they have been incorporated in a computer based in­
ventory control system which treats every part stocked.
Having obtained estimates of all-time requirements it is poss­
ible to identify and value obsolescence and potential obsoles­
cence. Action can then be taken to reduce surplus and to pre­
vent future surplus conditions from arising by tailoring orders 
in line with annual demand projections and all-time require­
ments .
3.2 SYSTEM DESIGN
The models described have been incorporated into a. system which 





3 .2 .1 ,  DATA EDITING PHASE
In this phase an extract file of historical demand data is pre­
pared from a magnetic tape Parts1 Master File. At the same
time the following edit functions are performed for each part :
a) The remaining service policy period is calculated. The 
service policy period for an automotive part or accessory 
is the number of years for which the company commits to 
supply customers with the item. It is dependent on the 
vehicle models the item is used on and is purely a matter 
of management policy. The remaining service policy period 
is thus the number of years left before the service policy 
period expires. Stocking of a part may, however, continue 
if the part is still selling well, even though the remaining 
service peiiod is nil.
b) Parts are categorized aeooiding to product and function codes 
and corresponding modelling parameters are attached.
c) A check is made to see if the part has already been class­
ified as obsolete or if there is no remaining service policy 
period. These parts are flagged, since there is no point 
in modelling their demand patterns.
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d) The method of modelling appropriate to the part concerned 
is determined by checking if the part is new and whether 
there are a sufficient number of years of demand history 
available.
3.2.2 DECfSION LOGIC
The decision logic is incorporated in two modules, the first 
being run annually or biannually, the second monthly.
3.2 .2.1 ANNUAL LOGIC MODULE
4
The computer programs in this module carry out three main 
tasks :
a) DETERMINE ALT,-TIME REQUIREMENTS
The all-time requirements are calculated, according to the 
modelling techniques described, subject to three economic 
cutoff criteria, i.e. yearly projections of demand should 
cease when -
i) An annual demand projection falls below a spec­
ified number of pieces,
ii) An annual demand projection falls below a spec­
ified number of dollars in value,
iii) The service policy period has expired.
It is our policy to estimate the all-time requirements for a 




b) CATEGORISATION OF PARTS INTO SURPLUS TYPES
To give visibility to the nature of the obsolescence encoun­
tered, each part is allocated to a surplus category,
i) Parts which have already been classed as 
obsolete. Any stock on hand for such a 
part is surplus.
ii) Parts which have no remaining service
period. Any stock on hand for these parts 
is surplus unless there is significant 
demand.
iii) Parts for which the remaining service period 
is less than a specified period. No further 
orders should be placed for these parts, the 
surplus being the stock on hand minus the 
all-time requirements,
iv) Parts which have a substantial remaining ser­
vice policy period but which have an all-time 
requirement less than a specified level.
Such parts should only be ordered on demand, 
if practicable, and any stock on hand junked,
v) Parts which are in Phase III of their life­
time with an established demand pattern and 
a substantial remaining service period.
Where stock on hand exceeds all-time require­
ments the difference is surplus.
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vi) New parts and parts with little demand history. 
These would not yet be expected to have any
I surplus, but any positive difference between 
stock on hand and all-time requirements is 
declared surplus.
vii) All parts for which all-time requirements exceed 
stock on hand. In these cases there is no sur­
plus. If the magnitude of the difference, or 
all-time buy is small then, taking account of 
time lags associated with use of annual demands, 
these parts are potentially obsolete and review 
is needed before any further orders are placed,
c) UPDATE OF THE PARTS MASTER FILE
In this section of the annual decision logic the Parts Master 
File is updated with the all-time requirement figures. This 
makes the all-time requirement accessible to the inventory 
review and ordering system which produces exception reports 
for parts, where forecast orders exceed all-time requirements.
3.2.2, 2 MONTHLY LOGIC MODULE
This set of programs enables junking decisions, made on the 
basis of the reports produced by the annual logic, to be 





This report shows each part number on the Parts Master File 
with accompanying detail such as :






Space left for handwritten comhients to 
be entered
This document is used as a master reference list in conjunction 
with summary reports and provides a permanent record of the 
reasons for junking or retaining parts.
b) SURPLUS REVIEW REPORTS
The reports are produced for each surplus type and the parts 
within a surplus type are listed in order of descending obsol­
escence value. Recorded against each part is :
All-time requirements 




Value of surplus at cost price 
Running total of the value of surplus 
within each surplus type
This report is an important aid in mpidly identifying and valuing 
obsolescence prior to commencing a junk and liquidation program.
c) ALL-TIME BUY REPORT
This report lists all parts for which all-time requirements exceed 
stock on hand, in ascending sequence of all-time buy value. The 
detail shown against each part is similar to that shown in the 
Surplus Review Reports with the addition of :
All-time buy quantity 
All-time buy value at cost price
This report is useful in detecting further obsolescence and pot­
ential obsolescence as well as all-time buy, and one-time buy 
situations.
3.2.3.2 MONTHLY REPORTS
a) WAREHOUSE JUNK/LIQUIDATION LISTS
This report is produced in warehouse location sequence, and shows 
against each part :
Warehouse location 
Quantity to be held 
Expected quantity to be junked 
Space left for handwritten comments
These reports enable rapid removal of surplus stock.
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This report has the same information as appears on the Surplus 
Review Reports, except that an indication is also given 
regarding :
Value of stock junked or liquidated 
to date
Percentage of total obsolescence 
removed to date
This report indicates the progress to date of a junk and liquid­
ation program.
3.3 EI'11'1 ECTTVIs USE OF THE OBSOLPJSCENCE SYSTEM
3.3,1 TIMING OF THE COMPUTER RUNS
a) ANNUAL LOGIC MODULE
The annual logic module is being run twice a year in order to 
achieve maximum cost effectiveness.
RUN 1 - The first run is made on the 1st of January. This 
enables the latest year-end demand figure to be used 
in the forecasts of all-time requirements, with a 
corresponding improvement in the accuracy of obsol­
escence estimates.
RIJN 2 - The sccond run is made immediately after annual stock­
taking procedures have been completed to comply with
audit requirements. This has the advantage that the
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b) JUNK/LIQUIDATION SUMMARY REPORT
I
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most up to date and accurate stock counts are used 
in the calculation of obsolescence. Also, since 
the status of parts can change unexpectedly in the 
space of six months, some of the results published 
in the first run may be invalidated. For example, 
with the release of a new model a current part may 
also be applicable to the new vehicle, in which 
case the part would certainly not be expected to 
be obsolescent. Or a part, previously in Phase III
4
of its lifetime, may suddenly have a demand as a 
component in a newly created kit which has consider­
able demand.
Thus by running this logic module biannually the maximum 
effectiveness is obtained from the system.
b) MONTHLY LOGIC MODULE
This module is run monthly since the performance of depart­
ments and special projects within departments in the company 
is measured monthly in terms of performance to budget. Thus 
a monthly run -
Enables management to easily assess the 
progress to date and performance to budget 
of a junking program
Enables stock analysts to review sufficient 
parts to make a computer run economical.
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Provides stock clerks with a substantial 
volume of junk and liquidation lists to 
work with in the following month.
In order to achieve full cost effectiveness in a minimum of 
time with existing warehouse staff the suggested order of 
review and action is as follows :
. High priority obsolescence
4
. Further obsolescence 
f Avoidance of future obsolescence 
. Review of low-value obsolescence
3.3.2.1 HIGH PRIORITY OBSOLESCENCE
The high value obsolescence over parts in surplus types (i), 
(ii), (iii), and (iv) as shown on the Surplus Review Report, 
may be junked with little or no review action since they are 
respectively :
. Obsolete already
. Have expired service policy periods 
. No further demand possible for them 
. Buy on demand parts
The question of dealing with parts having low obsolescence 
value is treated later as a matter of lower priority. This 





a) Firstly the high value obsolescence over parts in surplus 
types (v) and (vi), as shown in the Surplus Review Report, 
is reviewed and junked if appropriate. These parts, 
however, require more human judgement since they are 
parts -
Which are in Phase III of their lifetime 
but still have demands above cutoff levels, 
or
Which are new parts with a considerable 
service period ahead of them
Thus, before the suggested surplus quantities can be junked, 
review is needed to ensure that no unexpected demands are 
anticipated in the future.
b) Further obsolescence is also to be found by reviewing 
parts in the low value section of surplus type (vii), as 
shown in the All-time B\iy Report. These are pa.rts, for 
which all-time requirements only just exceed stock on 
hand, which on a human judgement basis are generally 
obs ole te.
3.3.2.3 AVOIDING FUTURE OBSOLESCENCE
Future obsolescence can be avoided in two main ways
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(a) By stopping the computer from ordering any parts of sur­
plus types (i) through (iv), and (vii); unless otherwise 
indicated on the basis of manual review.
These are parts which are obsolete already, have expired 
or nearly expired service policy periods, or are buy on 
demand parts.
(b) By anticipating which parts are about to become obsolete 
in the near future, and tailoring further orders in line 
with all-time requirements. These parts are to be fdund 
in the medium value section of the All-time Buy Report - 
surplus type (vii).
3 , 3 .2 ,4 REVIEW OK LOW VALUE OBSOLESCENCE
Disposal of parts with a low value of obsolescence presents a 
problem in terms of cost effectiveness. The cost of reviewing 
and junking such parts is often greater than any revenue which 
might be obtained from their disposal. Such inventory is 
usually left in the warehouse and classed as irretrievable 
obsolescence for taxation purposes.
So before any special program is eventually initiated to remove 
such parts from the warehouse the following criteria are applied 
to justify removal action :
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. Ensure that the parts are in categories which 
have no chance of ever having any further 
demand, i.e. parts in surplus types (i), (ii) 
and (iii). Parts in other surplus types will 
shift to these categories in subsequent runs 
of the system; so until then they are not 
really worth reviewing.
Ensure that the aggregate value merits disposal 
action.
Review the warehouse space or "cube" taken up 
by these parts, as space is always at a pre­
mium for new pe,rts which are continually being 
added to stock,
3.3.3 SUMMARY
Through the use of mathematical modelling and computers it is 
thus possible to estimate lifetime demand for each part on a 
Parts Master File consisting of, say, 100,000 entries for a 
negligible cost in comparison with the savings which can be 
achieved.
OPERATIONS RESEARCH IN TRANSPORTATION SYSTEMS
by
P. G . PAK-POY and R.W.L. V7YERS 
(P.G. Pak-Poy 8c Associates,
Transportation, Planning and Operations Research Consultants)
1. GENERAL COMMENTS
I would like to begin by emphasising that the oper­
ations research techniques used in designing, analysing 
and improving transportation systems cover a very wide 
spectrum. Applications range from comparatively simple 
techniques to optimise specific operations up to complex 
transportation studies at the regional or national level. 
Naturally the cost of such studies varies accordingly and 
may be anything from a few hundred dollars to a hundred 
thousand dollars. What I intend to do in this paper is 
to give some idea of the scope of applications by reference 
to four case histories.
The case studies are four "levels" of application.
The first is at what may be called the microscopic end of 
the scale and represents the simple optimisation of a 
specific operation where the results are directly measur­
able dollar savings to the client.
At the second level of application, represented by 
the second case discussed in this paper, there are direct­
ly measurable cash savings but there are, in addition, 
many savings in terms of improved organisation which are 
hard to quantify.
m o  thirc study is at the level of management decision 
making where projects must be scheduled to give the maximum - 
return from given investment of money and other resources.
^his is a matter of making best use of a given level of 
resources rather than any direct savins of monev.
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Finally there is what may be termed the macroscopic 
situation where regional transportation planning is in­
volved, A study of this type is the fourth case history. 
The aim of this type of study is to assist in the formu­
lation of policy and the benefits obtained from the 
correct policy decisions are immense.
Let us now look at the case studies keeping in mind 
the general comments made above,
2. CASS STUDY 1 : VEHICLE FLEET INSURANCE
This particular study was undertaken on behalf of a 
company which operates large fleets of vehicles in all 
States. It was undertaken at the time when the new 
driver rating system was introduced by insurance companies. 
The problem posed was :
"When is it economically best for the company
to meet the cost of an accident themselves
rather than claim on the insurance company
and thereby increase future premiums?"
The solution lay in the development of a simple
mathematical technique to provide a guide to the decision 
maker. The important factor to be held in mind is that 
claim decisions made in one year affect premiums paid in 
subsequent years. For example, consider the case of a 
driver on rating 6 who has an accident. The following 
table shows his rating over the next six years assuming 
























Thus it will be six years before the prcciua paid by the 
driver who clained is on a par with that of the driver 
who did not clain. Thus, the air. oust be to minimise the 
total cost of accident damage paid for by the operating 
company and premiums paid to the insurance company.
Consider a simple example.
Suppose we have 100 drivers of whom tO are expected 
to have accidents in any year. Suppose also that 10 
accidents cost less than $>50 in repairs, 10 between $50 
and $130, 10 between $ 100 and iiSSOO, and 10 more than J5?,00.
If the company strategy is to claim on accidents 
costing more than &10G then there would be 20 driver claims 
per year.
Assuming that tAic accident pattern remains constant 
over succeeding years then the distribution of drivers on 
different ratings wourld be as follows 1
Rating Year 0
Humber of Drivers with 







k _ . 6fc 21 Z.k
e;/ 8o 26 20 10
s 100 32 13 12 10
7 20 9 3 k
8 k 3 1
9 1 1
The table becomes reasonably stable after five years. 
Similar tables may be constructed assuming different claim 
levels and a total cost curve may be plotted similar to 
that shown in Figure 1.
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Examination of the curve produced enables the company to 
ascertain, firstly, whether or not an optimum claim strategy 
exists and, secondly, what it is.
In order to apply the technique it was necessary to
know :
(a) the number of drivers on each rating;
(b) company accident statistics, i.e., number of 
accidents and cost distribution;
(c) premium structure, e.g., metropolitan and country 
rates, excess for young drivers, variations for 
vehicle types, premium discounts for given "excess" 
values.
This information was available from operating company 
and insurance company records and the technique was applied 
to fleet operations. It was demonstrated that after three 
years of operation the optimal strategy reduced total costs 
from &103i0C0 to $79j000 per annum.
3 • CASS STUDY 2 : STAFF ROSTERING
The management of any organisation which employs 
shift workers will be aware of the problems of staff 
rostering. 3roadly speaking the problems generally re­
solve themselves into producing a roster which minimises 
penalty payments, meets the provisions of the particular 
award and is acceptable to staff. This latter requirement 
is sometimes overlooked, but a roster which does not dis­
tribute overtime evenly between staff and which fails to 
group days off into twos, threes, etc., or which intro­
duces widely divergent daily starting times for a given 
person can be a cause of industrial strife which can prove 
very expensive. In large organisations such as public 
transport operators who have a thousand or more shift 
workers the rostering problems become a major headache and 
many highly skilled staff are required to set up and
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maintain the rooters. The particular case study discussed 
here was undertaken on behalf of just such an authority 
and covered sor.ie 920 drivers and conductors.
ihe process of staff rostering is undertaken in three 
phases :-
(l) Run cutting.
(?) Pairing of Shift Parts for Broken Shifts.
(3) Construction of Rotating Roster.
Run cutting consists of defining- vehicle runs to 
meet the known demand and cutting these runs into pieces 
of work which will form an acceptable shift part. These 
shifts parts must meet the requirements of the award and 
must include allowances for signing on and off, travelling 
to pick up points, etc. Because of the double peak in 
the demand curve the shifts fall into three types -
(a) morning straight shifts;
(b) late finishing straight shifts; and,
(c) morning and afternoon parts of broken shifts.
The pairing of parts of broken shifts, that is com­
bining a morning part and an afternoon part to form a 
complete shift, is very important since there is consider­
able scope for direct savings in terms of minimised penalty 
payments. In the particular case under discussion the 
problem was formulated as an assignment problem and a 
standard operations research method was modified to give 
the required solution. An example of the improvement ob­
tained is shown in the following table :~









1 73 6 ,500 6 , ll6 38^
2 116 10,313 10,326 505
3 3^2 2.6,180 2*i,350 1 ,830
162.
Thus, there was a total saving of 2,719 minutes in 
^3,511 minutes or 6 per cent of penalty payments. In 
addition to achieving this direct saving the time required 
for rostor -preparation was reduccd considerably*
The construction of a fortnightly rotating duty 
roster was again treated as an assignment problem. In this 
case, however, the complexity is such that a time optimum,
i.e., minimum cost, roster cannot be guaranteed, but a 
near optimal result is obtained.
The basic award conditions applying in this particular 
case were :-
The ordinary hours of duty must not exceed 40 hours 
each week to be worked on not more than five days which 
may include weekdays, Saturdays or Sundays.
Ordinary hours worked in excess of ^0 in each week 
must be paid for a penalty rate.
Duty worked in excess of 8% hours on any schedule
has already been treated as overtime in Phases I and II
and is not considered in the assessment of the ordinary 
hours worked in the week.
Employees must be rostered off on two clear days in 
each week.
Schedules worked on consecutive days must be separ­
ated by a break of not less than 10 hours.
As far as practicable, an employee will be rostered 
off on alternate Sundays.
In addition, to improve general efficiency and in 
the interests of good staff relations the following con­
straints were included
In any fortnightly period, an employee will be roster- 
ed for one week of early finishing schedules and one week 
of late finishing schedules.
Where practicable, employees are rostered to work 
straight or broken schedules according to preference.
In any weekly period, an employee is allocated as 
raany identical schedules or as many schedules with similar 
starting times as is practicable.
Saturday and Sunday schedules, which attract penalty 
payments, are distributed throughout the roster as evenly 
as possible.
Employees should be rostered off on as many consecutive 
days as is practicable.
All Sundays in early finishing weeks will be rostered 
a s day s off.
The first step in the optimisation process was to 
set up a day off pattern with the maximum number of four 
and three days off groups. This formed the frame work 
into which the shifts were allocated.
The duty roster is initially set up by placing the 
schedules for each day in the order of increasing finish­
ing times and then, if necessary, re-ordering these to 
obtain a break of at least ten hours between schedules on 
consecutive days. In the initial placement or in any 
subsequent re-ordering, no schedules are placed in a 
location which has been reserved as "day off'1.
After the initial placement of schedules, the list of 
schedules for each day, in turn, is re-ordered for allo~ 
cation to each line of the duty roster so that, in order 
of priority, the following is achieved :-
, feasibility is maintained.
maximum decrease in overtime is obtained, 
maximum increase in the total number of identical 
schedules in a week* s work is obtained.
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r.axiauu increase is obtained in the total similar 
starting time score, which is defined for each 
week thus : each pair of schedules scores two if 
their sign on tines are within twenty minutes of 
each other, one if the difference between the 
sign on times is between 20 and 60 minutes, and 
zero otherwise.
This process of re-ordering schedules is treated as an
assignment problem with inadmissible squares. The process
is executed twice after which no further worthwhile improve­
ment is obtained.
Examples of the improvements achieved are given in the 
following table :
— —  —  ■ —  ....— . . . —  ■ ...................... . . - ... - ------- - -
Roster Overtime Undertime No. of matching No. of similar
pairs of shifts starting times
Original 2 ,75** 1 ,0 0 1 523 1 , 19 6
Optimal 2,369 6l6 1,028 1,536
Surprisingly, however, the client regarded the cost 
savings as being of somewhat lesser value than the intangible 
benefits to the organisation. His assessment of the benefit! 
was :
"From the management point of view the whole project 
of having consultants work with our own staff in 
automating the preparation of duty rosters for traffic 
crews has proved to be very worthwhile and has yielded 
the following benefits
1. Top management now has a means of effective
control over traffic costs which was ».ot previous­
ly available, in that :
Rosters are now being prepared on a minimum-, 
cost basis.
The mechanised procedure allows a quick 
evaluation to be made of the effect of
changes or proposed changes in industrial 
working conditions.
More accurate estimates of the effect of 
service adjustments, extensions of service 
or the introduction of nevr services can 
be obtained.
2. The time required to prepare new duty rosters 
has been reduced from eight weeks to three weeks 
enabling more frequent reviews of both time­
tables and rosters to be made, with consequentia 
financial benefits.
3. The roster staff have been required to define 
clearly the problems they are attempting to 
solve and to detail in writing the procedures 
used, thereby clarifying these matters in their 
minds and giving them a more critical outlook 
on their work.
k. The reduction in roster preparation time has
encouraged flexibility in approach and facilitie 
experimentation to test new ideas to achieve 
better results.
5. There are benefits to traffic crews in the form 
of better arrangement of work schedules".
k. CASE STUDY 3 : PROJECT SCHEDULING
In this case a Scheduling Model was developed to 
schedule a large number of projects over a given period 
to obtain maximum benefit from limited funds and other 
resources.
The first step is to analyse each project to esta- 
bli sh the benefit to the community, the cost, the place 
and type of project, the time required for construction 
and pre»construction activities, the earliest possible 
starting date and the year of need. ibo.
The model then sorts projects into a priority order 
based upon benefit/cost ratio or some similar parameter.
The model has been designed to accept also priority lists 
upon judgement or social ratings. The total project costs 
are met from a number of alternative funds using proscribed 
rules for the amounts to be drawn from each fund. A typical 
set of rules (called a ’’Fund Transform Table") is shown 
below :
Col. 1 Col. 2 Col. 3
Fund No. % Fund No. % Fund No. %
Row A 2.301 50 2302 25 301 25
Row 3 2301 301 312
Row C 301 312 
Row D 312
The first row nominates up to four funds and the proportions 
of the cost are to be met from each fund. The funds in 
Rovs B, C and D are bad: up funds which may be called upon 
if the main funds are exhausted.
Resource requirements for each year of each project 
are calculated from the annual cost and the project type.
An attempt is made to schedule each project as early 
as possible. The funds and resources available are then 
tested for sufficiency. If there are insufficient funds 
or resources in any category in any year, the project is 
delayed as many years as is necessary and the funds and 
resources are again tested for sufficiency. IJhen, after 
any necessary delays, both funds and resources are found 
to be sufficient, the amounts of each fund and resource 
needed in each year by the project are deducted from the 
balances of the relevant funds and resources, and the 
project is said to be 'scheduled'. If a project is delayed 
so that it is commenced but not completed within the given 
time period, the amounts of funds and resources which are
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needed to complete the project are recorded. If due to 
lacl: of funds or resources, a project cannot be commenced 
within the given period it is said to be unscheduled, and 
the amounts of funds and resources needed by the project 
are recorded.
A facility is available to enable the user to omit 
either the fund or resource sufficiency check and so to 
determine the funds required to fully utilise all available 
resources and vice versa.
Some generalised examples of the application of the 
principles incorporated in the Scheduling Kodel will servo 
to illustrate its usefulness. Generally, as all the inputs 
to the Model may be varied, it is possible to assess the 
implications of the policy decisions corresponding to 
various sets of input data.
For any given distribution of funds and resources, 
together with the rules for their use, the Kodel will 
determine the number and type of projects to be constructed, 
project timing, benefits and unused funds and resources, 
for a given list of projects in priority sequence. By 
manipulation of priorities or constraints on the use of 
funds (say in certain areas or certain type of projects) 
or resources, the implications or equivalent policy decisions 
can be assessed. By eliminating some or all constraints 
within the Model the "free" situation can be compared 
with other cases. The sensitivity of results to selected 
priority ratings can be assessed by varying the priority 
measure and re-examining the results for significant 
differences. The implications of committing selected 
projects for construction can be assessed by assigning 
over-riding absolute priority. Any shortage of resources 
(say engineers' time) in a particular geographical area 
or in a particular field (say bridge design) can be assessed 
by omitting the resources check option in the Model, or
168.
alt emotively shortfalls in funds can be assessed by omitting 
the fund check option.
In addition, as previously described, facility is pro­
vided for reports to be produced by the Model at regular 
and "critical” stages. By reference to the date and 
summaries in these reports it is possible to identify 
reasons behind the final results for any run of the Model 
and this information provided a basis for adjustments to 
input data so that a close to optimum result can be achieved 
by an iterative process*
In this particular instance it is impossible to pin 
point any direct financial gain to the client. However, 
by using the Model he was able to schedule a large number 
of projects strictly on a basis of priority to maximise 
his economic returns for any given fund level and to make 
realistic estimates of finish dates and resource require­
ments which could not have been achieved without the Model.
In fact he was able to present a clear, logical work 
sequence and so remove much of the personal, intuitive 
judgement common in such cases. When alternative schedules 
were suggested he was able to re-calculate the cost and 
resource requirements quickly and easily so that final 
decisions could be taken with all parties agreed that they 
represented the best available solution.
5* CASE STUDY i REGIONAL FREIGHT MOVEMENT
A good example of a very large operations research 
study is the recent case of the analysis of freight move­
ment within a region and overseas via a number of ports.
The objective of the study was to analyse the costs of and 
demands for transport service, the establishment of the 
future demand and the most effective way of using all com­
ponents in the system to provide the lowest level of 
transport costs commensurate with an adequate level of 
service to the community. 1AQ
The terns of reference required that an examination 
be made of the likely economic and demographic development 
of the region over the period to 1935* This included an 
assessment of economic activity and the associated import 
and export of materials and the results were combined with 
origin-destination data of present goods movements to form 
the basis of loading for the future transport system,
A special computer systems model has been formulated 
to test a number of alternative transport systems. In 
addition to road/rail alternatives these include the testing 
of alternative port development or constraints policies, 
leading to either a continuation of the present multiple 
port system or to the development of a centralised port 
concept.
The inputs of the Model include either costs or 
charges for each transport mode and commodity type where 
applicable, origin and destination of goods movements, 
annual tonnages to be moved and data on seasonal fluctuations#
The output gives the annual loading by commodity type 
on each link of the rail, road or shipping system, loadings 
at the ports and the total transport system charge or cost 
for each alternative considered.
In addition, technical and organisational studies have 
been made of the railway system and major ports in the 
region. Information has been collated from a road inventory 
to provide a basis for determining road system deficiencies 
which may occur as a result of changed patterns of movement 
during the period under study.
Thus, the regional authority has bee.- provided with a 
detailed analysis of the costs and benefits of a number of 
alternative development concepts and is in a position to 
choose between them with a high degree of confidence in 
the correctness of their judgement. An ir;correct decision
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at this time could cost hundreds of millions of dollars 
between now and 19^5 and so the development of a model to 
test alternative schemes is of inestimable value to the 
authority. In fact, in this case, the difference between 
choice of the best policy and a laisez faire approach 
represented an annual saving of several million dollars.
6. SUMMARY
In summary, then, I would repeat that operations re 
search covers such a wide spectrum of techniques and 
applications that we must tailor the analysis to meet the 
particular problem and the money and time available for 
the study. The returns from small jobs are often more 
easily measured than those from large projects, but in 
the latter case the overall savings can be tremendous.
Co s t
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A DISTRIBUTION PROBLEM IN THE PETROLEUM INDUSTRY.
G. GREGORY AND K.A. JONES
I don't know how many study groups have worked on distribution 
problems in the petroleum industry over the years; it must run well into three 
figures, and OR methods have, of course, been applied and with a good measure 
of success. And yet, so far as I can see, the important subject of retail 
petrol selling has not benefited nearly as much as it might from the OR 
approach.
The starting point in this type of study, or in any OR study for 
that matter, is as complete an understanding of the operation as it is possible 
to acquire. In this case it meant discussion with men experienced in this 
work. Most of them had experience extending over very many years and in many 
different localities. There was an extensive literature in the form of text 
books, reports, manuals and the like, and, by no means least, the financial 
records that tolc’ the story in figures of past successe : and failures. Then 
followed close personal observation of service stations over the whole hours 
of operation, from opening to closing, and over successive days. This of 
course must be done with the help and understanding of at least some of the 
operators and their staffs, and requires a certain amount of tact. I think 
it is inevitable that many things will be observed that have no direct bearing 
on the study and which are best ignored. In due course there emerges a fair
idea of v/hat significant features can be expressed in numbers and recorded from 
observation, and the study can proceed. I consider that this introductory 
phase is vital and make no apology for stressing what may seem obvious to 
many. This process cannot be presented here but it is possible to describe 
briefly the economic organisation of service stations as a group and the 
contribution which consumer research makes, and this will convey an 
understanding of what we are studying.
Service stations exhibit a marked degree of uniformity compared with 
retail establishments in other industries, whether measured in terms of cost, 
turnover, number of employees or the physical size and appearance of premises.
Since stations' markets are in the vehicles that pass their driveways, 
location at an intersection with access to two or more traffic lanes usually 
confers a tactical advantage over the competitor with access to one lane only.
Petrol sales could, for the inost part, account for something like 
one half of the profit. The balance will come from the sale of goods and 
services of various kinds, oil, accessories and so on. It tends to be con­
fined to goods and services that can be sold without lengthy use of large areas 
of high priced land.
The most important fixed cost is usually the financing of high 
priced land.
The most important single item of variable cost is labour. Casual 
labour for selling petrol at peak periods is not always readily available, 
partly from cost and partly because of cash control considerations.
Labour is not completely mobile as between the petrol pumps and the 
other activities which go to make up the balanced profit.
Although income is geared to petrol sales, the time actually occupied 
in selling petrol tends to be concentrated into peak periods and takes up quite 
a small proportion of the total hours worked.
Many service stations operate close to break even point financially. 
Having adjusted to one level of operation, they do not readily adjust to a 
higher one without a fairly good idea of what that level is and firm expect­
ations that it will be reached. It is possible for a service station to 
stabilize its operation well below its economic potential and continue thus 
indefinitely.
The distribution of arrival intervals between successive customers 
is such that when stations approach the limit of their capacity to serve 
petrol - without an unacceptable wait for service - petrol selling facilities 
are in use for quite a small fraction of the total working hours. The 
organisation could be regarded as a working compromise taking into account 
the cost of providing petrol trading capacity that can be used for a small 
proportion of operating hours and the loss of profit if business goes to 
competitors better able to take advantage of peak trading conditions, all 
with due regard to balanced profit. That is to say, the profit than can be 
earned by supplying customers who normally call for fuel with tyres, batteries, 
oil, mechanical advice and service and so on.
Very often the basic problem facing a study group, whether at an 
existing station or at a site where a station is planned, will be to determine 
as accurately as possible the maximum petrol sales that can be obtained at the 
site given reasonably efficient management.
The results of consumer research can be summed up briefly for present 
purposes. Petrol buyers have preferences, which can be influenced by 
advertising and sales promotional activities. These preferences can be 
measured and expressed as numerical ratings by the well developed methods of 
consumer research. The product purchased is in fact a combination of the 
petrol itself, the personal attributes of the dealer and the features of his 
establishment. Thus a survey will give a variety of reasons for purchasing 
a brand, or at a certain station. These reasons could be the superior 
quality of the petrol as a fuel, the personality of the dealer, his reputation 
for fair dealing or mechanical competence, or it may just be the convenience 
of the station’s location. Buyers do not always go to the same station, nor 
do all buyers at the same station have the same scale of preferences.
, Convenience is by far the most common reason given for buying a 
brand or patronising a station, and it seems to mean that the motorist is able 
to satisfy his petrol or related needs with a minimum of trouble and without 
departing far from a normal line of travel.
Consumer survey methods provide very good measures of the relative 
appeal, in the customers' minds, of the various factors influencing sales.
They are necessary and important, but even when a searching series of questions
is cross-referenced and carefully checked for strong and consistent elements, 
the survey does not, of itself, measure in useful terms, the factors 
dominating actual purchasing.
The logical method of probing further into the problem is by close 
observation of the actions of buyers and sellers, with the object of finding 
ways of expressing significant features in useful numerical measures.
There appear to be two avenues of approach.
The first is an analysis of vehicles calling at a number of 
competing stations for fuel, expressed as a percentage of the total number 
of vehicles passing their driveways. In doing this, the records should be 
kept so that later on, both traffic and buyers can be classified in detail 
if desired. The direction of travel, time of day, origin and destination 
of a particular part of the traffic, type of vehicle, day of the week, 
male or female driver, and almost certain to be matters of importance.
With suitable breakdowns, it will be possible to make due allowance 
for the varying density of the different types of traffic passing eacii service 
station and arrive at percentages of traffic which will serve as a first 
estimate of sales performance.
As a matter of interest, a theoretical standard for comparison can 
be derived by considering a closed circuit with a number of service stations 
along its length. This approximates a system where cars leave their garages 
at the beginning of the day, traverse a route around a city or whatever it 
may be, and return again later on, passing a number of service stations on the 
w ya, at any of which they could buy fuel if they wished to. If all service
stations along the route had an equal attraction and business is equally 
distributed, the following relationship will hold :
P -■ _ _1__ , where
fn
P • Percentage of vehicles in passing traffic calling for fuel at a 
service station.
n = number of service stations per mile of route.
f = vehicles' mileage between calls for fuel, divided by 100 
f can be closely approximated by consumer research; around Melbourne it could 
be estimated at between 1 and 1.25.
In practise it will never be practicable to fully analyse the origin 
and destination of traffic, but reasonably close estimates can be made from 
observation without too much trouble. The main constituent is the flow of 
traffic between residential and commercial or industrial areas which follows 
well-defined patterns and is strongly peaked. For many reasons the commercial 
sector is not likely to be troublesome.
It is inevitable that some degree of approximation will enter into 
the work, usually because of the limitations imposed by time and expense, and 
a balance is reached between time or cost, and the expected practical value 
of greater accuracy in detail. The theoretical figure obtained from the 
above formula gives a useful standard to compare with figures obtained from 
actual observation, and in practise close agreement has been found.
With percentage sales figures for a number of stations, and 
consumer research ratings of the customer appeal of the various factors, a 
multiple correlation analysis yields measures of their apparent relative 
effect on sales.
I use the word "apparent" at this point because, with traffic and selling so 
strongly peaked, it is necessary to devise some means of taking into account 
the situation that arises when some stations start to have difficulty in 
coping with the business available in the very busy periods when most petrol 
is sold. This must occur, if preferences expressed by buyers take effect in 
the market place and there must be a point where the inconvenience of entering 
an already busy station overcomes the attraction of preferred factors.
Even so, some fundamental points will now emerge which will simplify 
proceedings at a later stage when it becomes desirable to concentrate on one 
or two important aspects and measure them with as much accuracy as is possible.
The first important point to emerge, I think, is that customer 
response to any factor follows a law of diminishing returns: that is, there is 
a fairly broad area of what might be called "fair, average quality" where 
differences are not of great importance, but the reaction to sub-standard 
performance below this band is much more drastic than to higher achievement 
above it.
There would be little doubt also, I think, that factors of dealer 
attraction and station characteristics generally out-weigh quality of petrol 
a fuel.
The limitations imposed by serving capacity can be seen in the lines 
of cars drawn to cut price stations by price difference of the order of 5c. to 
7%c. per gallon in Melbourne.
The second useful measure derived from observation pertains to the 
arrival intervals and service tines of vehicles calling at stations for fuel. 
These approximate the form shown in the diagram and in combination measure 
the probability that one or more service points will be occupied when a 
vehicle arrives for service. We have already seen the way in which traffic
has very marked peak characteristics and that petrol buying tends to be 
concentrated into well marked peak periods. Here, we have a measure, 
derived from observation, of the stations' ability to cope with the 
business available. It might be appropriate to note here that motorists 
generally follow much the same route from day to day, or at least, pass 
the same service stations many times. Although they may not shop around 
extensively among the many stations available, they do come to know many of 
the characteristics of the stations at which they are likely to purchase and 
can avoid a station if experience or observation lead to a belief that 
service will be slow.
Here, then, is a fairly precise measure of a powerful overall force 
which tends to distribute business, within limits, more or less equally among 
available service stations when trading becomes busy. A certain amount of 
judgement and experience are needed to spread observation over the decisive 
periods of time, although this is not difficult in practise. There is, for 
example, no point at all in timing arrivals and service times with accuracy 
during mid-morning or mid-afternoon on a quiet day when arrivals may be spaced 
twenty minutes or more apart. Because it is a characteristic of nearly all 
service stations in and around Melbourne, that petrol selling capacity is 
used for a small proportion of total operating hours, the probability of wait 
for service at decisive times is a measure, and the only one available, to 
gauge the relative strength of limited trading capacity in diverting business. 
It can also be another means of estimating the sales effect of selling factors, 
in that willingness to accept the inconvenience of wait for service, when
present, can measure the sales worth of an attraction, in diverting business 
from competitors. An illustration easily observed is the behaviour of 
buyers at stations offering substantial price cuts or free give-aways on an 
uneconomic scale.
Arrival intervals and service times conform to mathematical distrib­
utions well enough for all practical purposes, but even so, the calculations 
are mathematically difficult. There is no great difficulty in programming 
a digital computer to do the work, but my preference would be for a portable 
analog machine constructed according to the diagram shown and which operates 
in the way shown.
The advantage of a machine of this type is that it gives on-the-job 
flexibility, in adapting to the characteristics of different stations at 
different times and in predicting the results of possible changes.
The problem now enters the stage where three essential measures are 
available for a number of competing stations.
1. Percentage of buyers drawn from available traffic suitably classified.
2. Consumer research ratings of the customer appeal of the various
factors.
3. Distribution of arrival intervals and service times.
One method of procedure at this point will be a determination of 
the limiting effect of capacity to sell from item 3. It might be as well 
to mention that a limitations of this reason may not be easily cured by 
extra labour at critical times or even by installing an extra petrol pump.
In studying one large station we found it necessary to construct a scale 
model of the station and use small cars to simulate the operation as business
increased beyond a certain point. You may find that it is necessary to 
re-design the whole layout to provide increased capacity at peak periods.
Having determined the limiting effect of capacity to serve, it is 
probably that a correlation calculation will be the best means of determining 
the variation of sales with the strength of buyers' preferences for the 
various factors entering into station operation, i.e. clean appearance, 
courteous service and so forth.
It should usually be sufficient to express the effect of increased 
demand on a station's capacity to serve as a probability that one or more 
service points will be occupied on arrival of a customer. However, there 
is inherent in the changes observed in arrival, and possibly service 
patterns, as the load increases, the baulking of customers who normally 
would have purchased but have been diverted by unwillingness to wait. The 
rate can be calculated from observed data, although the mathematical work 
is difficult. A baulking rate would be of the greatest importance, and 
might well be the decisive factor in the study of a particular station and 
is therefore well worth pursuing.
I do not intend to go into this calculation in detail here, but 
will now assume that with a working understanding of the relative value of 
the important factors we are approaching the problem of assessing the petrol 
sales potential of a site at which no station as yet exists. The problem 
really comes down to one of assessing the differences that will result when 
an additional station is added to the series of stations along a stretch 
of traffic. The trading percentages of the existing stations, or as many
of them as need by, will be known as well as their important features.
In so far as methodology is concerned, there is really nothing to add 
to what has gone before.
I have been too long at this job to expect that a first study of 
this type will measure, with great precision and beyond all doubt, the 
precise number of sales gallons attracted by a small change in customer 
preference for one factor, although I am sure that with experience even 
this can be expected. What can be achieved, however, is firm statistical 
evidence defining areas that are sensitive or insensitive to changes 
in buyers' preferences along with useful estimates of their sales 
significance in the existing trading conditions. It could support a 
hypothesis arising from a trading problem, as for instance, whether a 
service station is operating at full economic potential, and if not, what 
should be done about it. These are important problems.
In conclusion there are one or two points arising from earlier 
discussion on the economic organisation of service stations that could be 
mentioned.
It was noted that high land cost generally responsible for the 
most important item in fixed costs, and this fact points to break-even 
analysis as a starting point should financial stringency be suspected 
as a probable reason for sub-standard performance.
It will be recalled also that labour is usually by far the 
largest item of variable expense, and this suggests an activity study if 
unfavourable trading tendencies are disclosed. This is not likely to get 
far without an effective sampling plan. Dr. Jowett, when he was Reader 
in Statistics at Melbourne University, gave me a plan which has worked well
for me and which I pass on. It is not theoretically watertight, but the 
differences are not of practical importance. I hope no one will expect 
a full explanation, but the fundamentals are as follows:
1. Prepare a schedule of 60 instants, in order of time, choosing 6 at
random in each 2 minute interval.
2. Allocate two of these instants to each of the subjects whom we may
designate A., B. and C.
3. Mark the activity by a code letter : i.e.
W - working 
Y - talking 
T - thinking 
M - missing.
4. Observe the subject at the scheduled instants and insert an 0 or 1 to
indicate the results of observation.
5. Calculate percentage of time subject is engaged in each activity and
determine probable limits of accuracy which are:
M * 2 f j  Mean semi-squared difference
COST EFFECTIVENESS CRITERIA
IN OPEN PIT MINE__DE SIGN
John C. Pitt, Managing Director 
Pittmen Data Systems Pty. Limited 
Sydney
INTRODUCTION
General procedures are presented for the design of open pit 
mines. The design process is seen as an .iterative application 
of procedures each of which may be an optimum solution for the 
given input conditions.
Preliminary stages discussed include co-ordination of drilling 
information and calculation of ore block composition. This is 
followed by calculation of block economic value and determination 
of economic pit limits. Final stages include detailed deter­
mination of mining sequence and calculation of final economics.
The use of computer techniques to carry out directed design 
procedures and automated graphical presentation of results 
eases the heavy burden of repeated calculations and drafting. 
This allows an overall optimum solution to be achieved with 
minimal human resources .
Effectiveness of design is measured by comparison of design 
alternatives.
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PRESENTATION OF DRILLING INFORMATION
Accurate co-ordination of drill hole traverse paths and 
location of drill core sample information is the first step 
towards definition of the ore body and its composition.
Clear graphical representation of this sample data as 
sectionally projected views next follows in order to ensure 
sufficient drilling has been carried out, and to plan 
additional drilling should this be necessary. Definition of 
natural spatial composition trends and structural features 
is facilitated by presentation of composition information as 
histograms drawn perpendicular to the drill hole centre lines. 
Special computer programs are now used to automate the 
drafting operations required for graphical presentation of 
drilling information, these systems make possible the highly 
detailed mapping of all collected drill core information 
with extreme accuracy at a cost which is considerably lower 
than that for manual drafting.
DETERMINATION OF ORE BODY COMPOSITION
The customary approach to definition of ore body composition 
and calculation of ore reserves has been to compute average 
grades for selected regions of drill core, and then to assign 
these grade values to polygonal regions of the ore body.
In the case of open pit mine design, and to facilitate 
solution of the design problem by computer, the region under 
consideration is more readily regarded as divided into 
smaller adjacent rectangular prismic blocks. A computer 
program is used to identify all regions of drill core lying 
within each block, and to compute block composition on the 
basis of enclosed core sample values and their associated 
sample lengths. Where there is insufficient drill core within 
a particular block to confidently define its composition, the 
frequency distribution of adjacent grade information may be 
used to assist grade prediction.
Definition of the composition of blocks not intersected by 
drilling is usually performed by careful consideration of 
observed structural features and grade trends. Interpolation 
of these block grades is carried out along observable trend 
directions where these exist, or by assuming continuity of the
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ore distribution where these trends are not markedly defined. 
It is essential that sufficient drilling has been carried out 
to confirm continuity or otherwise of ore distribution and to 
ensure interpolated values lie within acceptable confidence 
limits .
Confirmation of the effectiveness of block grade definition 
is obtained by plotting bench by bench plan views of original 
drilling information and computed block grades . All stages 
described above may be carried out by computer provided 
adequate guidance information is supplied to ensure the task 
is properly carried o u t . Computer drawn contour maps may be 
produced for each bench to assist confirmation and visual­
isation of trends both within given benches, and through 
successive benches in a vertical direction.
BLOCK ECONOMIC__VALUE__ ASSIGNMENT
In order to make possible an optimum pit design and financial 
evaluation, the economic value of each block must be computed.
Block values are first calculated assuming they will pass 
through the mill and the extracted saleable materials sold.
Income from any ore block is calculated from the block 
dimensions, its orginal composition, expected mill recovery 
and expected unit costs of the resulting extracted saleable 
material.
Costs associated with any ore block are computed from its block 
dimensions and
- unit breakage costs .
- unit haulage costs (function of distance and 
height hauled) .
- unit milling and treatment costs.
- unit transportation costs .
- unit overheads associated with the operation 
under investigation.
The block economic value (BEV) is computed for each block by 
subtracting costs from income.
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If the BEV of any block is greater than zero, it is assumed 
to be ore and to be processed by the mill. It is otherwise 
assumed to be waste and the BEV is recalculated as a negative 
value, this being the total of waste and haulage costs.
A clear picture of BEV's may be obtained by contouring these 
values for all benches . This immediately highlights over­
burden locations and forms an excellent basis for review when 
production is under w a y .
DETERMINATION OF OPTIMUM PIT OUTLINE
A feasable pit must be such that the slope of the pit face 
does not exceed a safe angle. Access to the pit and sufficient 
room to manouvre equipment within the pit are additional 
requirements to be considered.
The optimum pit outline is computed from consideration of the 
BEV for each block together with the location of given blocks 
within the pit space. Three types of situations may arise as 
follows:
(i) Blocks with a positive BEV which are exposed 
at any stage and require no overburden removal 
at that stage prior to their removal. Any 
block of this type is considered as mineable 
ore and may be removed.
(ii) Blocks with a positive BEV which are not
exposed at any stage, but which are next in 
line for removal. The BEV of a block of this 
type must be added to the BEVs1 of associated 
overburden blocks. If the total BEV for the 
group is positive, the block under consideration 
together with its associated overburden blocks 
may be removed .
The above block evaluation process is continued until there 
is no block group remaining which has a positive BEV. The 
outline of the optimum pit for the specified economic 
conditions is thus defined, and may be mapped in plan and 
sectional views for access design.
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COMPUTATION OF ORE RESERVES AND
REVIEW OF BLOCK ECONOMIC VALUES
Once an optimum pit outline has been determined for a given 
cost structure and mill throughput rate, ore reserve tonnages 
and grades and -waste/ore ratios may be calculated. OverallJ 
financial detail follows from addition of ore BEV's or by the 
use of block compositions and locations.
At this stage, review of cost estimates, mill throughput rates, 
etc. is most likely to be required. Successive redefinition of 
these basic parameters, recalculations of BEV's and re­
determination of the optimum pit outline may be performed to 
converge on an overall general optimum solution, and to 
investigate the effects of metal price variations, mill 
recoveries and so forth.
Additional refinements in BEV calculation may be used by 
considering depth as an approximate measure of the date of 
mining of individual blocks. Using this, BEV's may be re­
computed as present values, these then being used for definition 
of the pit outline.
EFFECTIVENESS OF DESIGN OF PIT OUTLINE
Given a set of blocks of defined composition, together with the 
associated income and cost structure, any alternative pit design 
may be financially evaluated by selection of blocks for a 
particular design.
Experience has shown that the use of a correctly structured 
computer procedure for design of the optimum pit outline has 
a high probability of being superior to a manually produced 
design. Up to 3° percent increase in profitability may be 
achieved where the ore body is disseminated, has considerable 
variation in composition and has considerable overburden.
The ability to refine a design and to quickly modify a design 
in the light of new information is a powerful argument in 
favour of the computer approach.
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DETERMINATION OF MINING SEQUENCE
The sequence of mining is primarily governed by:
- the process of successively removing exposed 
blocks.
- the need of access for removal of material.
- the maintenance of minimum slope conditions on 
pit sides at all times to ensure slope stability.
Within the above constraints, there are innumerable block 
mining sequence combinations possible . Determination of an 
optimum mining sequence consists of two stages:
(i) Definition of the block mining sequence which 
satisfies the above constraints, and also gives 
a maximum cumulative cash flow at every point 
in time until all blocks within the optimum pit 
outline have been mined.
This process is carried out by the use of dynamic 
programming techniques.
(ii) Modification of the maximum cash flow mining
sequence defined in (i) above by imposition of 
penalties resulting from unnecessary equipment 
relocation, unacceptable variations in mill head 
grade, and so forth as may apply to the particular 
environment.
This process is performed by simulation of the 
actual mining process and altering the mining 
sequence by considering the factors operating 
at each point.
REVIEW OF TOTAL DESIGN
During the process of mining sequence definition, much greater 
detail of operations becomes apparent. Modifications to mining 
rates, mining costs, etc. are most likely to be required. Should 
these change significantly, it may be necessary to recalculate 
BEVs' redefine the optimum pit outline and redefine the mining 
sequence.
At this stage, a complete production plan is available with its 
associated cash flow picture. This provides the expected date of
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removal of each block of material and this enables the present 
value of the basic BEV to be calculated and assigned as the 
working value for the BEV. Detailed refinement of the design 
on the basis of a present value criterion is thus possible at 
this stage by repeating the design process from the BEV 
calculation stage .
If additional drilling information comes to hand which signif­
icantly alters or extends the definition of block composition, 
it may be necessary to repeat the design process from the block 
composition definition stage .
EFFECTIVENESS OF TOTAL DESIGN
As may be seen from the foregoing discussion, the design process 
is necessarily iterative, although optimum solutions may be 
directly found for a given operating framework. The effectiveness 
of the design process is made apparent by comparison of prelim­
inary with final solutions, these being generally compared on 
an economic basis.
While design effectiveness is dependant on the use of correct 
procedures in the design process, the final result is built on 
the foundation of basic information and its accuracy. Some of 
the potential sources of data error are mentioned below:
- Inaccuracy of drill hole surveying and spacial 
location of core sample data may affect 
calculation of ore block composition and thus all 
succeeding steps .
- Intensity of drilling and consistency of grade 
trends must be considered when determining the 
dimensions of the basic ore blocks.
- Metal price forecasts may be incorrect. Study of 
the effect of various metal prices on the design 
is an essential part of the design process.
- Grade interpolation may not be extremely accurate. 
Study of the effects of grade variation from plan 
should be considered. The effects of ore dilution 
during selective mining should be allowed for in 
the design.
- Treatment plant performance may differ from that- 
proposed. Will this have any significant affect 
on target performance?
191.
- Should inflation be allowed for in estimation 
of costs, or do contract figures apply?
of
Review/the whole design problem indicates that the structure 
of problem solution is very important, as objectives are 
attained for the stated problem. Accuracy of end results will 
be a function of accuracy of primary data and performance of 
each design procedure. The design process should terminate 
when the results of successive designs are consistent to a 
degree reasonably expected from the data available .
D E - B O T T L E N E C K I N G  P R O D U C T IO N  IN A MINING O P E R A T IO N
- J. E. C le a v e r  
M anag em ent  Consultant  
C o n s o l id a t e d  G o ld  F ie ld s  A u s t r a l ia  L im i t e d
I. INTRODUCTION
This  paper  outl ines  the d e v e lo p m e n t  and im p le m e n ta t io n  
o f  a p r o j e c t  invo lv ing  the use  o f  O pera t ion s  R e s e a r c h  
techniques  in " d e - b o t t l e n e c k i n g "  a p ro d u c t io n  fac i l i ty .
It i l lus tra tes  the use  of  two co n c e p ts  s o m e t i m e s  ig n o re d  
in such p r o j e c t s  n a m e ly ,  that m a j o r  bene f i ts  a c c r u e  f r o m  
the use of  a team  invo lv ing  individuals  d i f f e r in g  in 
techn ica l  e x p e r i e n c e  and b a ck g ro u n d  and, s e c o n d ly ,  that 
the ex tens ive  use of  com pu tin g  f a c i l i t i e s  need  not a lways  
be an essent ia l  part  o f  such  p r o j e c t s .
The p r o j e c t  a r o s e  through d i f fe r in g  e s t im a t e s  of  the 
e f fe c t ive  cap ac i ty  of  the m i l l in g  o p era t ion  o f  The Mount 
L y e l l  Mining and R a i lw ay  C o m p a n y  L i m i t e d ' s  c o p p e r  mine  
at Q ueenstow n in S o u t h -W e s te r n  T a sm a n ia ,  l ead ing  to a 
C om pany  e xe cu t iv e  suggest ing  that the use of  s im u lat ion  
techniques  m ight  he lp  r e s o l v e  the m a tte r .  T h is ,  in turn, 
resu l ted  in the G e n e r a l  M an ag e r  of  the C o m p a n y  s e c u r in g  
the p a r t - t i m e  a s s i s t a n c e  o f  the O perat ions  R e s e a r c h  
Consultant f r o m  the M an ag em en t  S e r v i c e s  D i v i s i o n  of  
C on so l id a te d  G o ld  F ie ld s  A u s t r a l ia  L im ite d .
II. THE O V E R A L L  TASK
a) P r o j e c t  Def in i t ion  and P e r s o n a l  Invo lvem ent
The o b je c t iv e s  of  the p r o j e c t  w e r e  to identi fy  the 
e f fe c t ive  c a p a c i ty  of  the m i l l in g  op erat ion ,  to l o c a te  
any bo t t lenecks  p revent ing  the attainment of  that 
capac i ty  and, w h e re  it cou ld  be jus t i f ied ,  to e l im inate  
or  r ed uce  the e f f e c t  of  those b o t t l e n e ck s .  F r o m  the 
outset,  it was r e s o l v e d  to w o r k  through a s m a l l  team  
which  was e s ta b l i sh e d  without  d isrupt ing  the n o r m a l  
produ ct ion  and m aintenance  staff .  This  a p p ro a ch  
d em anded  e x t r e m e l y  c l o s e  and e f fe c t iv e  l ia i s o n  
betw een  the team  and the M il l  P r o d u c t i o n  and 
Maintenance  Super intendents ,
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The t im e  and e f f o r t  that was  put into m ainta in ing  
this l ia i s o n  m o r e  than paid o f f  la ter  in the r e a d y  
a c c e p ta n c e  of  e a r l y  r e c o m m e n d a t i o n s  and in the e a s e  
with w h ich  the team  was  able  to b r e a k  up as their  
a c t iv i t ie s  w e r e  a b s o r b e d  into the n o r m a l  o p e r a t io n  
o f  the m in e .  In d e te rm in in g  the c o m p o s i t i o n  o f  the 
team ,  p r i m e  i m p o r t a n c e  was  attached  to s e l e c t in g  
m e m b e r s  who w e r e  highly m o t iva te d ,  d e t e r m in e d  
and ab le .  The final c o m p o s i t i o n ,  exc lud ing  the 
Consultant,  was  an E x e cu t ive  E n g in e e r ,  a R e s e a r c h  
M e t a l lu r g is t  and a P r o j e c t  O f f i c e r  (M e ch a n ica l  
E n g in e e r ) .  The t im e  in v o lve m e n t  o f  the individual  
team m e m b e r s  f luctuated  w ide ly ,  but at al l  t im e s  
the p r o j e c t  r e ta ined  top p r i o r i t y  f o r  them.
The o v e r a l l  Mount L y e l l  o p e ra t io n  can be  s u m m a r i s e d  
as c o m p r i s i n g  v a r io u s  m in ing  o p era t ion s  f eed in g  o r e ,  
through o r e  p a s s e s ,  to a r a i l -h a u la g e  n e tw o rk  which  
d e l i v e r s  the o r e  d i r e c t  to the c ru sh in g  plant. The 
c r u s h e d  (fine) o r e  is fed  to s to r a g e  bins  of  r e la t iv e ly  
s m a l l  c a p a c i ty  a f te r  which it is ground and the 
m in e r a l  content e x t r a c t e d  by a f lotation  p r o c e s s .
The c o n c e n t r a t e s  a r e  then f i l t e r e d  and s to r e d .
Initial  d i s c u s s i o n s  ident i f ied  a s tro n g  p r e s u m p t io n  
that the m a j o r  l im ita t ion  to p ro d u ct io n  lay  in the 
c rush in g  o p e ra t io n  and that fur ther ,  i f  this w e r e  true ,  
the sequent ia l  nature  o f  that p r o c e s s  in d ica ted  that 
l ittle bene f i t  w ou ld  r e su l t  f r o m  s im ulat ing  the 
op era t ion .  H o w e v e r ,  it was a l s o  abundantly c l e a r  
that, i f  the m ain  r e s t r i c t i o n s  to p ro d u c t io n  did o c c u r  
in this a r e a ,  there  was  rea l  advantage to be ga ined 
f r o m  the c o n s t r u c t i o n  o f  a l o g i c a l  m o d e l  of  the 
p r o c e s s  f o l l o w e d  by  the c o l l e c t i o n  o f  the a p p r o p r ia te  
data and the c l o s e  and c r i t i c a l  a n a lys is  o f  that data.
In e f fe c t ,  a s im u la t ion  m o d e l  and its data,but no 
c o m p u te r  runs.  The p r i m e  point o f  such  an ana lys is  
w as ,  o f  c o u r s e ,  to identi fy  a r e a s  w h e r e  changes  cou ld  
be instituted p r o f i ta b ly  and this,  in turn, was only 
w orthw hi le  if a f o l l o w - u p  p r o c e d u r e  was  e s ta b l i sh e d  
to ensure  that the e x p e c te d  gains w e r e  in fa c t  attained.
b) The P a y o f f
The abov e  steps  w e r e  those  that w e r e  u l t im ate ly  app l ied  
with d i r e c t  and m e a s u r e d  s u c c e s s .  The m e a s u r e  o f  the
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s u c c e s s  has b e e n  a susta ined  in c r e a s e  o f  8% in 
throughput r e la t iv e  to a r e f e r e n c e  p e r i o d  of  12 w e e k s .  
P r i o r  to c o m m e n c e m e n t  of  the p r o j e c t ,  it was 
a ck n o w le d g e d  that this r e f e r e n c e  p e r i o d  r e p r e s e n t e d  
a t im e  of  high p roduct ion .
III. THE M IL L
a) ' 'M o d e l "  L o g i c  and Data
Adopt ing  the c r i t e r i a  m e n t io n e d  abov e ,  a l l  ava i lab le  
plant r e c o r d s  c o v e r i n g  m i l l in g ,  gr inding  and f lotation 
f o r  the r e f e r e n c e  p e r i o d  w e r e  a s s e m b l e d .  A  p i lot  
w eek  was then s e l e c t e d  and, w o rk in g  f r o m  the 
re levant  f l o w - s h e e t s  with c r o s s - r e f e r e n c e  b a c k  to the 
ava i lab le  operat ing  data, the plant was b r o k e n  down 
into l o g i c a l  e l e m e n t s .  Obvious  m a j o r  s u bd iv is io n s  
w e r e  c rush in g ,  gr inding and f lotation .  F a c t o r s  
a f fec t ing  this spl i t  w e r e  the ava i lab i l i ty  o f  f ine o r e  
s to ra g e ;  the p r a c t i c e  o f  e n fo r c in g  a r e g u la r  w e e k ly  
d o w n -s h i f t  f o r  c ru sh in g  plant m a in ten an ce ,  without  
n o r m a l l y  extending this to the gr inding and f lotation  
o p e ra t io n s ,  and the s e r ia l  nature o f  the c ru sh in g  
op erat ion  c o m p a r e d  to the ava i lab i l i ty  o f  p a r a l l e l  
paths in the o ther  two op e ra t io n s .  B a s e d  on this 
l o g i c a l  d issect ion,,  and us ing the plant r e c o r d s  f o r  
the p ilot  w eek ,  it was p o s s i b l e  to build  up a set  of  
p a r a m e t e r s  which  adequately  d e s c r i b e d  the 
p e r f o r m a n c e  o f  the individual e lem en ts  of  the plant 
and which ,  when c o m b in e d  a r i t h m e t i ca l ly ,  d e s c r i b e d  
a c c u r a t e ly  the ov e ra l l  p e r f o r m a n c e .  When 
s a t is f ied  that the l o g i c a l  b reak dow n  was sound and 
that r e a s o n a b le  data was obta inable ,  the data f o r  
the full 12 w e e k  p e r i o d  was tackled .
At  this point it is w orth  e m p h a s is in g  that the guiding 
p r in c ip le  in d ec id in g  which  data should  be c o l l e c t e d  
was - " i f  one w e r e  building a deta i led  s im u la t ion  
m o d e l ,  what data would  be r e q u i r e d " .  This  was 
the data that was  c o l l e c t e d ,  although no e f f o r t  was  
m a d e  to p r e p a r e  a c o m p u te r  p r o g r a m  of  the m o d e l .
Events  w e r e  de f ined  to be  e i ther  ex terna l  o r  internal  
to the unit be ing  c o n s id e r e d .  O nce  a p a r t i c u la r  
type o f  l o s t  t im e  had been  de f ined  as internal  to one
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p i e c e  of  equipment ,  it was  a u t o m a t i c a l ly  externa l  to 
all  other  equipm ent  and hence  e l im in a te d  f r o m  their  
a n a ly s e s .  In this way the sum  o f  the internal  l o s s e s  
f o r  al l  units in, f o r  e xa m p le ,  the c r u sh in g  plant 
cou ld  be added to g ive  the total l o s t  t im e  in the 
c ru sh in g  plant due to events  within that plant.  A l l  
o ther  l o s t  t im es  w e r e  externa l  to it and t h e r e fo r e  
a n a ly s e d  e l s e w h e r e .
Using  this ap p ro ach ,  it was p o s s i b l e  to be  conf ident  
that, should  l o s t  t im e be e l im in ate d  in one a r e a  - 
say  at a p a r t i cu la r  c r u s h e r  - it w ou ld  re su l t  in a true 
i n c r e a s e  in c rush in g  plant c a p a c i ty  and w ould  not be 
e r o d e d  due to r e la ted  events  e l s e w h e r e  within the 
c ru sh in g  s e c t io n .  Of  c o u r s e ,  to c o n v e r t  this 
i n c r e a s e  in cap ac i ty  into p ro d u ct io n  r e q u i r e d  that 
fa c i l i t i e s  externa l  to the c ru sh in g  plant should  be 
ab le  to both keep  up the supply o f  m a t e r i a l  and take 
advantage o f  the i n c r e a s e d  p ro d u ct io n .  In this way, 
the R a i l  Haulage S y s te m  and the Grind ing  Plants  
w e r e  ex terna l  to the C rush ing  P lant  and so  on.
Within each  a re a ,  s ta t is t ics  of  t im e s  o f f - l i n e  w e r e  
ga th ered  and c o l la te d  by durat ion and c a u s e .  
D is t r ibut ion  c u r v e s  f o r  operat ing  rates  while  on - l in e  
w e r e  equal ly  im portant .
b) A n a l y s i s ,  A c t i o n  and F o l l o w - U p
F r o m  this data it was  obv ious  that the dominant  cau ses  
o f  l o s t  p rodu ct ion  lay within the c ru sh in g  sect ion .  
M o r e o v e r ,  due to the w ay in w h ich  the data had been  
c o l l e c t e d ,  it was im m e d ia t e ly  p o s s i b l e  to quantify 
the gains that c ou ld  be e x p e c te d  both in t e r m s  of 
i m p r o v e d  t im es  o n - l in e  and e f f e c t iv e  rates  while  
o n - l in e .  T h e se  tabulations  f o r m e d  the b a s i c  r e f e r e n c e  
d o cu m e n t  f o r  m u c h  of  the w o r k  that f o l l o w e d  and have 
p r o v id e d  the f r a m e w o r k  f o r  a r e g u la r  r e p o r t in g  s y s te m .
Having ident i f ied  the a r e a s  o f  m a j o r  potential  
im p r o v e m e n t ,  attention was then d i r e c t e d  to ensuring  
that what had b e e n  r e c o r d e d  did in fa c t  a c c o r d  with 
what r e a l ly  went on in the plant.
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T w o  m e m b e r s  o f  the team  im m e d i a t e l y  a c q u i r e d  
shift  op era t ing  e x p e r i e n c e  and v a r io u s  operat ing  
sta f f  and e x e c u t iv e s  p la c e d  t h e m s e lv e s  on ca l l  so  
that p a r t i c u la r  operat ing  p r o b l e m s  cou ld  be o b s e r v e d  
and a p p r e c ia t e d  at f i r s t -h a n d .
At this s tage ,  a l i s t  o f  d e -b o t t l e n e c k in g  a c t iv i t ie s  
was c o m p i l e d ,  ranging o v e r  such  v a r i e d  i t em s  as -
- i m p r o v e d  l ighting in s o m e  a r e a s
- r e o r g a n is a t i o n  o f  shift  s u p e r v i s o r s  and o p e r a to rs
- changed  m ain tenan ce  s ch e d u le s  and techniques
- changed  m a t e r i a l s  of  c o n s tr u c t io n  o r  m ethods  
of  fa b r i c a t i o n  o f  s o m e  e l e m e n t s ,  e. g. s c r e e n s
- plant m o d i f i c a t io n s
- m o d i f i e d  operat ing  techniques
In c o m p i l in g  this initial  l is t ,  and in the subsequent  
addit ions  to it, s t r i c t  attention was paid  to ensur ing  
that the e f f e c t s  of  any p r o p o s e d  change w e r e  re la te d  
b a c k  to the b a s i c  ana lys is  and that the s p e c i f i c  f a c t o r  
w hich  w ou ld  be a f f e c t e d  was  ident i f ied .  In this way, 
a n u m b e r  o f  p r o p o s a l s  which  m ight  o t h e r w is e  have 
b een  a c c e p t e d  w e r e  r e j e c t e d  on the grounds  that 
e i ther  the gains cou ld  not be e x p l i c i t ly  identi f ied ,  or  
they had b e e n  a l r e a d y  c la im e d  e l s e w h e r e .
Ad d i t iona l ly ,  this p r o v id e d  a m e a n s  o f  c o n s is te n t ly  
rating the potentia l  gains or  savings  o f  each  p r o p o s a l  
and against  w h ich  the c o s t  was c o m p a r e d  b e f o r e  a 
d e c i s i o n  was taken to p r o c e e d .
O n ce  this initial  l i s t  had been c o m p i l e d ,  b r i e f  plant 
d e v e lo p m e n t  m e e t in g s  w e r e  o r g a n i s e d  and attended by 
the team  and ap p r o p r ia te  operat ing ,  m ain tenan ce  and 
en g in eer in g  staff .  At  these m e e t in g s  the v a r io u s  
p r o p o s a l s  w e r e  f ina l ly  evaluated  and s ch e d u le d  f o r  
im p le m e n ta t io n  depending upon the bene f i ts  and d e g r e e  
of  d i f f i cu l ty  invo lved .  Again,  the t im e and e f fo r t  
spent in ensu r in g  that good  c o m m u n ic a t i o n s  ex i s te d  
b etw een  all  s ta f f  in v o lve d  had its payo f f  in the rapid ity  
with w h ich  a g r e e m e n t  was r e a c h e d  and ac t ion  taken.
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IV. THE R A IL  H A U L A G E  O P E R A T IO N
a) The P r o b l e m  and the Need  f o r  a M ode l
In the c o u r s e  o f  this w o r k  on the c ru sh in g  plant,  it 
b e c a m e  obv ious  that s o m e  addit ional  thought should  
be given to the abi l i ty  o f  the r a i l -h a u la g e  s y s t e m  to 
m e e t  the extra  dem ands  which  would  re su l t  f r o m  
any i n c r e a s e  in m i l l  throughput.  T o  a l a r g e  extent,  
the s a m e  a p p r o a c h  was used .  Staff  in v o lv e m e n t  and 
good  c o m m u n ic a t i o n s  w e r e  again the point on w h ich  
act ion  hinged. Defin it ions  w e r e  es ta b l i sh e d ,  data 
obtained,  and m e m b e r s  of  the team  b e c a m e  in v o lve d  
with the p h y s i c a l  r a i l -h a u la g e  o p e ra t io n  f o r  a sh o r t  
p e r io d .  Reta in ing  the i n t e r n a l - e x t e r n a l  b a s i s  of  
l o s t  t im e ana lys is  again gave c l e a r  m e a s u r e  o f  the 
t im es  l o s t  f o r  v a r i o u s  r e a s o n s ,  and e s ta b l i s h e d  that 
the l o s s e s  attr ibutable  to m in ing  w e r e  quite m i n o r .
It w as ,  t h e r e f o r e ,  l eg i t im ate  to c o n c e n tra te  on the 
ra i l -h a u la g e  s y s t e m  rather  than on the m in ing  
op era t ion  i t se l f .
At this point,  s i m i l a r i t y  with the e a r l i e r  part  o f  
the p r o j e c t  c e a s e d .  A s  the r a i l -h a u la g e  o p e ra t io n  
was  a batch  p r o c e s s  using a r e s t r i c t e d  n u m b e r  of 
trains  feed in g  f r o m  s e v e r a l  o r e - p a s s e s ,  the o v e r a l l  
e f fe c t  of  changing one o r  m o r e  o f  the p e r f o r m a n c e  
in d ice s  was  by  no m e an s  obv ious .  E a c h  train  
c o n s i s t e d  of  two l o c o m o t i v e s  and a nu m ber  o f  o r e  
t rucks .  Under  these  c i r c u m s t a n c e s ,  it was  d e c id e d  to 
take the fu r th e r  s tep  of using a s im u la t io n  m o d e l .
A n a ly s i s  of  the data c o l l e c t e d  on the r a i l -h a u la g e  
op erat ion ,  and d i s c u s s i o n  betw een  the r e le v e n t  
e x e c u t iv e s  l e d  to a g r e e m e n t  that the m o s t  l ik e ly  
avenue f o r  im p r o v e m e n t  lay  in d r a m a t i c a l l y  r ed u c in g  
the nu m ber  o f  o r e  t rucks  p e r  train.  This  act ion  
was  e x p e c te d  to i m p r o v e  l o c o m o t i v e  ava i lab i l i ty  to 
the stage w h e re  one ex is t ing  long train  cou ld  be 
r e p la c e d  by two shor t  ones .  The q u es t ion  to be  
r e s o l v e d  was w hether  the resultant  i n c r e a s e  in 
t ra f f i c  w ould  a l low  i n c r e a s e d  tonnage to be  hauled, 
o r  m e r e l y  p r o d u c e  another  bo t t leneck .  T o  r e s o l v e  
this p r o b l e m ,  a s im ulat ion  m o d e l  was r e q u ir e d .
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Use of the Model
Due to the r e m o t e n e s s  o f  the l o c a t io n  and the d e s i r e  
to obtain an a n s w e r  in the s h o r te s t  p o s s i b l e  t im e,  
it was d e c id e d  to p e r f o r m  the s im u la t ion  by  hand.
In spite  o f  the tedious  nature o f  this task,  it had the 
v e r y  rea l  advantage that no " o u t s i d e r s "  w e r e  
inv o lved  in this,  the C o m p a n y 's  f i r s t  attem pt  to 
" r u n "  a s im u la t ion  m o d e l .  C o m p a n y  sta f f  c o l l e c t e d  
the data, d e v i s e d  the m o d e l ,  p e r f o r m e d  the 
c a l cu la t io n s ,  a n a ly s e d  the re su l ts  and d e c id e d  to 
im p le m e n t  the shor t  train o p era t ion  - the d e c i s i o n  
being im p le m e n te d  s o m e  three  w e e k s  a f te r  s tart ing 
w o r k  on the m o d e l .
F o r  this m o d e l ,  p a r a m e t e r s  d e s c r i b i n g  equ ipm ent  
ava i lab i l i ty  on a " n o r m a l "  and a " b a d "  day w e r e  
defined.  Using s tandard  loading and r u n - t i m e  
d is t r ibu t ions ,  s ing le  and dual train o p e r a t io n s  w e r e  
s im u la ted  f o r  a " n o r m a l "  day and dual train  o p era t ion s  
f o r  a " b a d "  day. R e su l ts  obtained f r o m  the s ingle  
train on a " n o r m a l "  day c o n f i r m e d  the va l id i ty  o f  the 
m ethod  o f  ca lcu la t ion .  The two r e m a in in g  c a s e s  
adequate ly  d e m o n s t r a t e d  the i n c r e a s e  in throughput 
that was atta inable by  the use of  s h o r t e r  trains  and 
the great ly  enhanced  f lex ib i l i ty  o f  o p e ra t io n  that a l s o  
resu lted .
The P a y o f f
It is w orth  e m p h a s is in g  that, b e f o r e  the above  
s im ulat ions  w e r e  p e r f o r m e d ,  it was  ev ident  that 
s m a l l e r  tra ins  would  i m p r o v e  m e c h a n i c a l  r e l ia b i l i t y .  
H o w e v e r ,  the resu lts  o f  the s im u lat ion  runs c o n v in c e d  
m a n a g e m e n t  that not only cou ld  the s y s t e m  c o p e  with 
the added t ra f f i c ,  but that the o v e r a l l  haulage 
ca p a c i ty  would  i n c r e a s e  and sen s i t iv i ty  to m a n y  typ ica l  
de lays  w ou ld  be r e d u ce d .
The s u c c e s s  o f  this s im ulat ion ,  tedious  as it w a s ,  has 
r e s u l te d  in The Mount L y e l l  Mining and R a i lw ay  
C om p an y  L im i t e d  adopting the use  o f  s im u la t io n  m o d e l s  
as a m e a n s  o f  eva luating the future d e v e lo p m e n t  of  
their  r a i l -h a u la g e  op era t ions .  N e e d le s s  to say ,  this 
w o r k  e m p lo y s  c o m p u te r  m ethods  s in ce  the m o d e l s  
invo lved  a r e  l a r g e r  and invo lve  m o r e  c o m p l e x  p r o b l e m s  
and few  peop le  would  s e r i o u s l y  suggest  the p e r f o r m a n c e  
o f  hand s im ulat ion  ca lcu la t ions  as a suitable  m e a n s  of  
r e g u la r ly  u t i l is ing  the t ime of  s k i l led  staff .
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H o w e v e r ,  it is r e levan t  to note that this la t ter  
d e v e lo p m e n t  ow es  m u c h  to the a v a i lab i l i ty  of  a 
c o m p u te r  p acka ge  a l low ing  m in e  planning e n g in e e r s  
to d es ign  and run the ir  own m o d e l s  without  spending 
s ign i f i cant  t im e  in learn in g  to p r o g r a m m e  a 
c o m p u te r .
CONCLUSION
This  p ap er  has at tem pted  to i l lu s t ra te  the a p p r o a c h  in 
one p r o j e c t  invo lv ing  the use  of  s o m e  o f  the techniques  
of  O p e ra t io n s  R e s e a r c h .  It has shown that a sound 
a p p r e c ia t io n  of  the m e th o d s  u s e d  in c o n s t r u c t in g  and 
using s im u la t ion  m o d e l s  can be a potent  tool  f o r  the 
ana lys is  o f  s o m e  op era t ing  p r o b l e m s ,  e i ther  with or  
without  the c o n s t r u c t i o n  o f  a f o r m a l  c o m p u t e r  m o d e l .
It has  a l s o  id ent i f ied  the value of  a team  p r o v id in g  v a r i e d  
ski l ls  and the be n e f i t s  resu lt ing  f r o m  the m a in te n a n ce  of  
good  c o m m u n ic a t i o n s  in im p ortan t  a r e a s .  In this way 
and by keeping  the re levan t  O p e ra t io n s  R e s e a r c h  technique 
in the ir  c o r r e c t  p e r s p e c t i v e  - as v e r y  use fu l  too ls  - 
M an ag em en t  was  ab le  to get on with the job  o f  m ak ing  
be t ter  d e c i s i o n s  b a s e d  on be t ter  in f o r m a t io n  and reap ing  
the resu ltant  b e n e f i t s .
In thanking both C o n so l id a te d  G o ld  F ie ld s  A u s t r a l ia  
L i m i t e d  and The Mount L y e l l  Mining and R a i lw a y  C om p an y  
L im i t e d  f o r  their  c o n se n t  to the p re se n ta t io n  o f  this 
paper ,  the author w ish e s  to m ak e  it c l e a r  that the v iew s  
e x p r e s s e d  a r e  his own and not n e c e s s a r i l y  those  o f  e i ther  
C om p an y .
